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CHANGES IN THE FUNDUS OCULI AFTER 
HAEMORRHAGE! 


By M. A. PEARS anp G. W. PICKERING 
(From the Radcliffe Infirmary, Oxford) 


With Plates 14 and 15 


Two kinds of retinal lesions have been described after severe haemorrhage, 
particularly from the gastrointestinal tract. One of them, sudden blindness 
often succeeded by optic atrophy, was at one time well known. Here we 
describe one such case. The other kind of retinal lesion is much less well known 
because it is symptomless and seldom looked for, but is probably much com- 
moner; we describe seven cases, five seen within the last two years. In it the 
appearances resemble closely those of albuminuric retinitis (or hypertensive 
neuroretinopathy), and it is because of this that we have studied them. The 
conditions described, illustrated, and discussed in this paper are chiefly of inter- 
est for the light they throw on the mechanism by which papilloedema, optic 
atrophy, haemorrhages, and retinal exudates may be produced. That they have 
received so little attention in recent years is probably one of the fruits of 
specialization in medicine. The lesions considered here are fully discussed and 
described in Gowers’s (1904) book on medical ophthalmology, the work of a 
general physician specially interested in neurology, and mentioned, though less 
fully, by Moore (1925), an ophthalmic surgeon interested in all disease that 
affected the eye; in contemporary works on ophthalmology the lesions receive 
little mention, and none in works on gastroenterology. Ophthalmologists are 
now rarely called to see a patient unless sight is disturbed, and gastroentero- 
logists rarely carry ophthalmoscopes. It is mere chance that we happen to have 
been interested in both the gut and the eye. 


Loss of Vision followed by Optic Atrophy 

Case report 

Case 1. D. M., aged 41, a kitchen porter, was admitted to St. Mary’s Hospital, 
Paddington, on July 1, 1940. For three weeks he had had lower sternal and 
epigastric pain, unaffected by food, and spreading into the small of the back for 
one week. Five days previously he had passed a black stool, and for the last 
24 hours before admission he could hardly walk through weakness and faintness. 
On July 2, 1940, he was taken by convoy to Harefield Hospital. During the 
journey he suddenly lost consciousness, and had a generalized convulsion, with 


1 Received April 13, 1959. 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960. M 
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foaming at the mouth. Four such attacks occurred in 15 minutes. On arrival 

he was found to be very pale ; the blood-pressure was 95/40, pulse rate 80, and 

haemoglobin 42 per cent. The fundi were examined, and no blurring of the 
disks observed. On waking on July 4 he noticed loss of vision in the left eye. 

The fundi were examined and found to be normal. There was no increase in 

intraocular pressure. The left pupil was dilated. The subsequent progress was 

as follows: 

5.7.40. The disk was normal, but the retinal veins were found to be congested. 
He disliked light on the left eye. Blood-pressure 86/45; haemoglobin 
38 per cent. ; reticulocytes 7 per cent. One pint of blood given by transfusion. 

6.7.40. Blood urea 40 mg. per 100 ml. Blood-pressure 95/50. Two pints of 
blood transfused. Great general improvement. 

8.7.40. Haemoglobin 64 per cent. 

9.7.40. Swelling of the left disk. Veins engorged. Arteries not definitely ab- 
normal. Right disk: no definite abnormality. 

10.7.40. He was seen by Mr. P. G. Doyne, who wrote: ‘Agree with above. 
R. visual field full to hand. No haemorrhages seen in either eye. This 
would rule out anaemia as cause.’ 

14.8.40. He was seen again by Mr. Doyne, who wrote as follows: ‘L. optic disk 
now pale and atrophic. Right visual acuity 5/6, left less than 6/60.’ 

Barium meals twice failed to show any lesion in stomach or duodenum. 

On September 9 his abdomen was explored, and no abnormalities were found 
in the stomach or duodenum. The cause of the haemorrhage thus remains 
obscure, but was almost certainly an acute gastric or duodenal ulcer. 


Discussion 

This kind of incident is fortunately now rare. No other case has occurred in 
the hospital practice of one of the authors for 30 years. In 1929 Whiting dis- 
cussed five such cases, mostly after gastrointestinal haemorrhage. In none of 
them was the fundus inspected until several days after loss of vision. In the 
last century and the early part of this, before the disappearance of chlorosis, 
the condition was common. Fries, in his inaugural address to the University of 
Tiibingen in 1876, collected 96 cases in which the source of haemorrhage was 
known. In 34 (35 per cent.) it was gastrointestinal ; in 24 (25 per cent.) uterine 
from childbirth or, less commonly, menorrhagia ; in 24 from therapeutic bleed- 
ing (venesection 21, leeching two, cupping one) ; in seven cases from epistaxis ; 
in five from wounds; in one from the lungs; and in one from the urethra. 

Vision is usually lost suddenly, commonly after a large haemorrhage, but 
sometimes, apparently, after a small one. In 26 per cent. of Fries’s cases the 
patient woke from his faint to find himself blind ; in 19 per cent. the onset was 
during the first 12 hours after bleeding, and 33 per cent. occurred between the 
first 12 hours and the 18th day. Singer’s (1904) series of 198 cases, which in- 
cludes those of Fries, gives similar figures: 8-3 per cent. of patients lost their 
vision during haemorrhage, 11-6 per cent. immediately afterwards, 14-2 per cent. 
up to 12 hours afterwards, 19-2 per cent. between 12 hours and two days, 39-2 
per cent. between the third and 16th day, and 7-5 per cent. later than the 16th 
day. The loss of sight was bilateral in nine out of 10 of those cases in which it 
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occurred during haemorrhage, in 13 out of 14 of those occurring immediately 
after haemorrhage, and in 41 out of 47 in those in which blindness began 
between the third and 10th day. Fifty-five per cent. of the patients remained 
wholly and 35 per cent. partly blind. The remainder recovered their sight. 
Occasionally blindness in one eye may be followed after a few days by the same 
event in the other. Very occasionally temporary blindness may occur after each 
of several attacks of haematemesis. 

In most cases the fundus oculi has not been examined until some days after 
the onset of blindness. ‘In the few ophthalmoscopic examinations which have 
been made early in the history of the cases, there have commonly been signs of 
inflammation, usually slight, sometimes intense. The slight changes consist in 
diffuse opacity of the retina with some oedema of the disk, and the more intense 
in a neuro-retinitis with haemorrhages. The larger the number of early observa- 
tions, the more does it appear that the permanent damage to sight is related in 
degree to the intensity of the intra-ocular inflammation’ (Gowers, 1904). 

The case here described is of interest because it is one of the very few in 
which the fundus was examined on the day blindness occurred ; it then appeared 
normal. On the next day the retinal veins were enlarged. Five days from the 
onset the disk became swollen, and five weeks from the onset the beginning of 
optic atrophy was plain, the changes being unilateral throughout. ‘In one case 
recorded by Hirschberg, three days after the haemorrhage, there was slight 
opacity of the left papilla ; distinct neuritis in the right eye with little swelling ; 
sight nearly normal. Five days later, R. intense neuroretinitis, V. 1/30; L. com- 
mencing neuritis, V. 1/6. The sight of the right eye was lost next day. Three 
weeks later, R. disk as in neuritic atrophy, V. 0; L. disk merely reddish and 
indistinct, V. 1/4. Three years later, the patient died of cancer of the stomach ; 
the fibres of the optic nerve were found to be replaced by nucleated connective 
tissue—there was no evidence of haemorrhage into the nerve sheath’ (Gowers, 
1904). 

The cause of blindness was much discussed in the last century. It was quite 
clear that the site of the bleeding was of no importance, since there were many 
reports of loss of sight after loss of blood from the uterus, from the nose, from 
wounds, and from therapeutic bleeding. In Singer’s (1904) series 40-2 per cent. 
of patients bled from the intestinal tract, 32-8 per cent. from the uterus, 14-3 per 
cent. from therapeutic bleeding, 7-4 per cent. from epistaxis, and 3-2 per cent. 
from wounds. Blindness may also follow loss of blood in animals, and here, too, 
from various sites. Terson (1922) mentioned its occurrence after bleeding from 
the testicular artery following castration, and after venesection. Mayou (1914) 
reported blindness in a dog following haematemesis, and Walther (1901) in a 
horse after massive loss of blood from the lungs. In his well-known work, which 
effectively stopped the practice of therapeutic bleeding, Marshall Hall (1832) 
listed the following as morbid effects of loss of blood: syncope; convulsion ; 
delirium ; coma ; sudden dissolution ; and amaurosis. One sees exactly the same 
range of effects in patients with gastrointestinal haemorrhage, blindness being 
one of the least common. 
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It is commonly thought that loss of consciousness and convulsions in bleeding 
patients are due to cerebral anaemia, consequent on the fall in arterial pressure 
and cerebral blood-flow induced by the haemorrhage. The simplest explanation 
of blindness would be to attribute it to a similar cause. If the retinal ischaemia 
continued long enough, the ganglion cells of the retina and their nerve fibres 
would die, blindness would be permanent, and optic atrophy supervene. Were 
it shorter, the ganglion cells, though paralysed, might not be destroyed, and the 
blindness might be transient. The chief objection to this hypothesis is the delay 
which apparently may occur between haemorrhage and blindness. Unfortu- 
nately, as every experienced clinician knows to his cost, it is impossible by 
ordinary clinical means to be sure when haemorrhage from the upper alimentary 


TaBLeE I 


(Compiled from Singer, 1904) 
Interval between cessation Site of haemorrhage 
of haemorrhage and onset — 
of blindness Venesection Uterus Epistavis Wounds Urethra 


During 
Immediately after 
In first 12 hrs. 

12-48 hrs. 
3-10 days . 
More than 10 days 


canal begins or ends. Haematemesis is very far from a reliable guide, and it is 
not unusual for moderate bleeding of an occult form to be continued for some 
weeks afterwards. The occurrence of blindness some days after haematemesis 
does not, therefore, invalidate the exsanguination hypothesis. But in cases of 
loss of blood from venesection, from the uterus, or from the nose, where it 
should be clear that the patient has ceased to bleed, a delay of up to several 
days may occur before blindness begins, as is shown in Table I, which is compiled 
from Singer’s (1904) series of cases. It is not difficult to believe that exsangui- 
nation is always the proximate cause when blindness occurs during or almost 
immediately after the bleeding, at a time when the retinal appearances are 
normal, or nearly so. Here it is reasonable to assume some profound alteration 
of the retinal circulation causing immediate death of the ganglion cells, to 
which the changes that occur later in the disk may, as will be shown, have 
no direct relationship. When, however, an interval exceeding a day or two 
occurs between the cessation of bleeding and the onset of blindness, a similar 
explanation of the loss of vision seems unlikely. Here it would appear more 
probable that the bleeding has initiated a sequence of events which takes a 
variable time to reach completion and which ultimately deprives the patient of 
his sight. The nature of this sequence of events is at present unknown, and can 
be inferred only from the changes observed in the fundus oculi of the patient 
with the ophthalmoscope, and by histological studies. One of the most constant 
and striking changes in the fundus is the appearance of papilloedema. When 
the onset of blindness has been delayed, it has been seen in nearly all cases 
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examined within seven days of the loss of vision. It might be ascribed to changes 
in the disk secondary to necrosis of the ganglion cells and their axons in the 
retina, were it not for the fact that, in at least one condition, necrosis of the 
ganglion cells of the retina always occurs and true papilloedema has never 
been seen. In methyl alcohol poisoning there have been a number of histological 
studies of the retina and optic nerves of patients who had died, notably those 
of Pick and Bielchowsky (1912) and of Menne (1938). These show irregular stain- 
ing, vacuolization, autolysis, and necrosis of the retinal ganglion cells, with optic 
nerves and tracts which show only minor changes. Clinically, however, papil- 
loedema is never seen. In 1920 Goldflam reported a series of 11 such cases from 
Warsaw, and found none which showed papilloedema. In some he saw slight 
blurring of the disk edges ; in the majority the fundus appeared normal. All the 
patients affected went blind. Ree (1946) reported 82 patients, of whom 20 went 
permanently blind. Of the 18 who were examined with the ophthalmoscope 
10 showed peripapillary oedema of the retina, and eight showed in addition 
hyperaemia of the disk ; none showed papilloedema. Bennett, Cary, Mitchell, and 
Cooper (1953) recently reported 323 cases of methyl alcohol poisoning in Atlanta ; 
many of the patients had either transitory or permanent impairment of vision, 
while some went completely blind. Their optic disks showed hyperaemia, with 
some oedema of the retina surrounding them. In none was true papilloedema 
found. 

Whatever the cause of papilloedema after haemorrhage, it would not seem to 
lie in changes in the nervous elements of the retina. It might lie in changes in 
the retinal blood-vessels, or outside the retina altogether. Leber (1916), who 
doubted whether haemorrhage was the proximate cause of blindness, supposed 
that changes occurred in the optic nerve, and suggested haemorrhage into the 
nerve sheath. Terson (1922) observed that such haemorrhage had never been 
found at autopsy. In fact there are only two autopsy reports available from 
patients who died shortly after they went blind, both of which describe changes 
in the optic nerve which could cause both loss of vision and papilloedema. 


In 1920 Goerlitz reported the case of a 57-year-old man admitted to hospital 
on November 22, 1917, who on the previous morning had vomited a large 
amount of blood. On November 25 his stools still contained occult blood, but 
no further haematemesis had occurred. Five days later he lost the sight of both 
eyes ; both disks were swollen and red, and there were two small haemorrhages 
in the right fundus. He died of a recurrence of his bleeding on December 10, 
without regaining his sight. At autopsy a duodenal ulcer was found. Both eyes 
were preserved and examined histologically, one being stained with haemato- 
xylin and van Gieson, and one with Weigert’s stain. In the retina the walls 
of the vessels showed no change, and there was no trace of the haemorrhages. 
There were microscopic nodular projections above the level of the retina, lying 
mostly near the papilla in the stratum opticum, consisting of a conglomeration 
of structureless, fatty matter. No signs of inflammation were present. Much 
more striking than these, however, were changes immediately behind the lamina 
cribrosa in the optic nerve. Here, in each nerve, Goerlitz found discrete, round or 
oval, foci of degeneration of the nerve fibril sheaths, some small, some about a 
quarter of a disk diameter in their long axes, in which there were signs suggesting 
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commencing glial hyperplasia. Goerlitz remarked on the similarity of these 
lesions to those of disseminated sclerosis, which also cause blindness and, if 
they are sufficiently near the disk, swelling of the papilla. 

Ziegler in 1887 described the findings at autopsy in a 51-year-old woman, who 
died of haematemesis 22 days after the onset of amblyopia, which progressed to 
blindness overnight. This woman had shown papilloedema and retinal haemor- 
rhages. At autopsy the major changes were again in the optic nerve, in and 
immediately behind the lamina cribrosa, where there was complete fatty de- 
generation of all nerve fibril sheaths, though the axis cylinders themselves were, 
for the most part, preserved. In the retina the ganglion cells, chiefly in the 
neighbourhood of the papilla, showed fatty infiltration. 


The changes described by Goerlitz, of which those reported by Ziegler may 
represent a later stage, seem adequate to explain both papilloedema and de- 
layed blindness. The rapidity with which the lesions develop, and thus the 
interval between the loss of blood and the onset of blindness, may well be vari- 
able. Blindness during or immediately after loss of blood, in patients who later 
develop papilloedema, as in our Case 1, may represent a more serious state of 
affairs, in which immediate death of the ganglion cells of the retina is followed 
by the development of lesions in the optic nerve. From the clinical and ad- 
mittedly scanty pathological evidence available, it is perhaps permissible to 
infer that, in cases in which the onset of blindness is delayed for some days 
after bleeding has ceased, the major lesion occurs in the optic nerve immediately 
behind the lamina cribrosa. Here, at a time unknown and for reasons of which 
we are still ignorant, a number of initially discrete foci of degeneration of the 
myelin axon-cylinder sheaths appear, which after a variable time impair or ’ 
destroy the patient’s vision, and give rise to the transient papilloedema so 
constantly observed by the ophthalmologist. 


Neuroretinopathy Resembling that found in the Malignant Phase of Hypertension 


About 15 years ago one of the authors (G. W. P.) was writing an article which 
involved a consideration of the pathogenesis of hypertensive neuroretinopathy. 
One of the hypotheses then current was of angiospasm leading to ischaemic 
changes in the retina and nerve head. Although this hypothesis was entirely 
devoid of support by evidence, and therefore found no favour in the writer’s 
mind, it could not be ruled out, and it seemed worth while looking at the fundi 
of other patients in whom ischaemia might reasonably be supposed to have 
occurred. One of the first patients so inspected was a young woman (Case 2) 
who had repeatedly become exsanguinated from a bleeding duodenal ulcer, and 
who showed the fundus changes exhibited in Plate 15, Fig. 8. The next patient 
to present similar lesions (Case 3) was seen some 12 years later in rather dramatic 
circumstances. His case was being discussed at lunch and, because of papil- 
loedema, cranial exploration was being considered. In the light of Case 2 it was 
suggested that all might be explained on the basis of haemorrhage, and ac- 
cordingly no cranial surgery was done. The course of the fundus changes in this 
patient are shown in Plate 14, Figs. 5, 6, and 7. The remaining five cases have 
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all been seen in the last two years. This difference in frequency we attribute not 
to a change in incidence, but to the fact that we have had leisure enough to 
inspect the fundus of most bleeders daily, and have thus found often what 
before we found rarely. 


Case reports 


Case 2. A woman aged 32 was admitted to St. Mary’s Hospital, London, on 
3.4.43, having twice vomited altered blood a few hours before. For the previous 
two years she had had episodes of epigastric pain, which had lasted throughout 
the day but became more severe before meals, by which it was relieved. This 
pain occurred sometimes at night, and was always relieved by alkaline powders. 
She had never before vomited, nor had she noticed black stools. 

On admission she was pale, but not sweating ; her superficial veins were not 
constricted: her blood-pressure was 120/70 and pulse rate 96. Four days later 
she vomited about one litre of altered blood, and her blood-pressure dropped to 
85/60. Thereafter, in spite of receiving 42 pints of blood by transfusion, her 
blood-pressure repeatedly fell to low levels, and haematemesis and melaena 
continued for the next 21 days. Twenty-four days after admission, in the 
absence of any visual symptoms or signs, both her fundi showed papilloedema, 
haemorrhage, and exudates. A painting of her left fundus is reproduced in 
Plate 15, Fig. 8. Apart from the fact that the blood-vessels are normal, the 
appearances are indistinguishable from those seen in cases of hypertension in 
the malignant phase. These lesions gradually regressed until, 23 days later, they 
had entirely disappeared. 

Barium-meal examination was carried out after the bleeding had ceased ; it 
showed a deformed duodenal cap, but no appearance suggestive of an actual 
ulcer crater. In 1948, five years later, this woman had a gastroduodenectomy 
because of pyloric obstruction. The stomach showed pyloric stenosis and 
thickening of its wall. Histologically there was much fibrosis in the pyloric 
region. 


Case 3. A 56-year-old company director fell backwards down 24 stairs after 
a party on Christmas Eve, 1954. He was admitted to St. Mary’s Hospital, 
Paddington, unconscious, with a six-inch superficial scalp wound, from which 
he lost no extraordinary amount of blood. X-rays of his skull showed no recent 
fracture. The wound was sutured without local anaesthetic, and shortly after- 
wards he regained consciousness. About two hours later, and for no reason that 
was then apparent, his blood-pressure, which had been 150/90, dropped to 
90/50 for two hours. 

For the next 12 days he was noisy, uncooperative, and obstreperous, and he 
had to be forced to eat and drink. He neither vomited nor bled overtly; his 
bowels were not opened until 13 days after admission, on 6.1.55. His fundi had 
on several occasions been examined and found to be normal. But on 6.1.55 
both fundi showed papilloedema and numerous soft white exudates. These 
are shown in a reproduction of a painting of his left fundus made five days later 
(Plate 14, Fig. 5). It was thought that his behaviour and his retinopathy were 
due to an intracranial lesion consequent upon his misadventure, but, when an 
enema produced a large black stool, massive haemorrhage was considered as an 
alternative diagnosis. His haemoglobin was found to be 25 per cent. ; his jugular 
venous pressure was raised, and his blood-pressure was 120/70. He accordingly 
received blood transfusions until his haemoglobin was raised to 61 per cent. ; 
he then became alert, co-operative, and mentally entirely normal. He said that 
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some three months previously he had experienced, for a few weeks, epigastric 
pain, both diurnal and nocturnal, relieved by food and alkaline powder. A few 
days before his accident these symptoms had returned. A barium. meal two 
days after his melaena stool, however, showed no evidence of peptic ulcer. 

The retinal lesions regressed gradually. A further painting of the left fundus 
was made five weeks after the first one, on 7.2.55, and is reproduced in Plate 14, 
Fig. 6. By 14.2.55 all lesions had disappeared except three minute shining 
white exudates close to the inferior temporal vessels near the disk. These were 
still present when a final painting of the retina was made in September 1955 
(Plate 14, Fig. 7). 


Case 4. A 70-year-old agricultural worker was admitted to the Radcliffe 
Infirmary on 8.2.57. For seven years he had had episodes of epigastric pain 
occurring soon after meals, and relieved by alkalis. In 1953 he had vomited 
about three pints of blood, and was admitted to hospital for blood transfusion. 
A barium meal at this time had failed to show any abnormality. In December 
1956 he had a further episode of pain, and in January 1957, about three weeks 
before his admission to hospital, he was woken in the night by a desire to 
defaecate ; he then passed a large black motion, and thereafter felt weak and 
faint on standing. Two days later he passed another black motion, and re- 
mained in bed at home for two weeks. He was admitted from the Out-patient 
Department for investigation. 

His blood-pressure was 160/90 and haemoglobin 70 per cent. No abnormality 
was found except in the left fundus, where there was a haemorrhage lying near 
the superior temporal vein, and an exudate just lateral to the superior nasal 
artery. Visual acuity in each eye was 6/6. A barium swallow showed a small 
hiatus hernia; no other lesion in the upper gastrointestinal tract was demon- 
strated by a barium meal. The lesions in the left fundus could no longer be 
seen by 26.3.57. 


Case 5. A woman aged 65 was admitted to the Radcliffe Infirmary on 1.2.57, 
having vomited altered blood and passed black motions for the previous three 
days. On the day of admission she had vomited about one litre of dark fluid, 
and had thereafter felt weak and dizzy when she attempted to stand. She had 
for many years had recurrent episodes of epigastric pain occasionally radiating 
to the back, and relieved by food, milk, and alkaline powder. In August 1952, 
and again four years later, she had vomited blood. On each occasion a barium 
meal had shown a deformed duodenal cap; on the second occasion an ulcer 
crater was shown in the duodenum. She had twice discharged herself from 
hospital against medical advice. 

On admission she was pale ; her blood-pressure was 130/50, and haemoglobin 
29 per cent. Her fundi showed no papilloedema, haemorrhages, or exudates. 
During the next 48 hours she received nine pints of blood, which raised her 
haemoglobin level to 72 per cent. and her blood-pressure to 150/80. Her fundi 
showed no abnormality. At 3 a.m. on 4.2.57 her blood-pressure fell suddenly to 
100/50, and remained at this level for two hours. She complained that her 
vision became blurred for some minutes. She became pale, and began to sweat. 
Transfusion altered her blood-pressure to 120/70, and at noon on 4.2.57 her 
haemoglobin was 60 per cent. The fundi were still normal. Then, at 3 p.m. on 
4.2.57, her blood-pressure dropped to 70/40 for 30 minutes, before rapid trans- 
fusion raised it to 110/50. Thereafter the systolic blood-pressure varied between 
160 and 130, and the diastolic between 70 and 80. By the following morning the 
haemoglobin was 93 per cent., and transfusion was finally discontinued on 
5.2.57, by which time she had received 18 pints of blood in all. 


' 
4 
A 
She 
“Ve 
_ 


CHANGES IN THE FUNDUS OCULI AFTER HAEMORRHAGE 161 


It was three hours after her blood-pressure had dropped to 70/40, at 6.30 p.m. 
on 4.2.57, that the left fundus first showed a lesion, at a time when her blood- 
pressure was 110/60. The right fundus remained normal throughout her stay in 
hospital. The first lesion to be seen in the left fundus was a small, soft, white 
exudate near the disk margin, with its long axis parallel to the superior nasal 
vein. Eighteen hours later, and without any further drop in blood-pressure or 
other evidence of continuing haemorrhage, two other faint white exudates and 
one haemorrhage had appeared along the inferior border of the disk. Seventy- 
two hours later one of these exudates had disappeared, and the other was very 
faint. No retinal lesions were visible 22 days after their development. 


Retinal Lesions 
nil 


Li mil 


5 T 6 


FEBRUARY 


Fic. 1. Case 5. The relationship between blood-pressure, haemoglobin, treatment, and 
the development of retinal lesions. 
The lesions are numbered in order of their appearance. 


On 12.3.57, at operation, a large posterior duodenal ulcer was found, which 
had penetrated the pancreas and caused scarring and some stenosis near the 
pylorus. Fig. 1 shows the clinical course and treatment of this woman, together 
with the changes in the left fundus. 


Case 6. A 65-year-old woman was admitted to the Radcliffe Infirmary on 
1.2.57 because she had been vomiting blood. She was the wife of a publican, 
but denied having consumed immoderate quantities of alcohol at any time. 
She had never been jaundiced. For about 15 years she had had occasional epi- 
sodes of post-prandial epigastric discomfort, without radiation, and relieved by 
alkalis. Each episode lasted two or three days. In 1947 she had vomited a 
considerable quantity of blood, after which she had felt weak and dizzy. She 
was known to have high blood-pressure. 

On 31.1.57 she was woken in the night by intense nausea, and immediately 
thereafter vomited a large quantity of blood, some red, but most of it altered. 
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A similar vomit followed a few minutes later. On the following morning she 
passed a large black stool, and on the evening of 1.2.57 she had a further large 
haematemesis. She was then admitted to hospital, when it was found that she 
was pale, but her extremities were not cold. Her blood-pressure was 210/110, 
and haemoglobin 50 per cent. There were no signs of either portal hypertension 
or liver failure. Neither fundus showed any abnormality other than irregularity 
of the arteries and deflexion and obscuring of the veins at arteriovenous cross- 
ing. Blood transfusion was not given until three days after her admission, on 
4.2.57, when her blood-pressure, which had varied between 150/100 and 130/80, 
dropped to 100/60, and her pulse rate rose from 80 to 120. The haemoglobin at 
this time was 38 per cent., and the fundi were unaltered. During the next 
30 hours transfusion of 14 pints of blood maintained her blood-pressure at 
levels varying between 190/110 and 140/90. Her haemoglobin on 5.2.57 was 
65 per cent. The fundi remained unaltered. 


Retinal lesions 


Transfusions 


Haemoglobin 


Blood-pressure 


2 


FEBRUARY 


Fic. 2. Case 6. The relationship between blood-pressure, haemoglobin, treatment, and 
the development of retinal lesions. 


At 12.30 a.m. on 6.2.57 she started to bleed furiously. In the next 16 hours 
she received 35 pints of blood ; during this time red blood issued in large quanti- 
ties from her rectum, and there were repeated large haematemeses. On four 
occasions she became white, cold, sweaty, and unconscious. Her diastolic 
blood-pressure was maintained at all times above 80 mm. Hg., and occasionally 
it reached levels of 110. Sixteen hours after this rapid bleeding began, when her 
haemoglobin was 72 per cent., she was submitted to operation by Mr. A. Elliot- 
Smith. The stomach was full of blood clots, but no fresh blood could be seen ; 
no lesion could be felt, but high upon the anterior gastric wall a small polypoid 
blood clot was found projecting from a superficial gastric erosion measuring about 
5x5 mm. This was undersewn, and the patient made an uneventful recovery. 
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On 7.2.57, the day after operation, both fundi showed lesions. In the right 
fundus there was a small haemorrhage, surmounted by a white round exudate, 
the upper border of which was rimmed with haemorrhage, lying about one disk 
diameter outwards along the superior nasal artery. In the left fundus there was 
a large flame-shaped haemorrhage lying just above the disk, between the superior 
nasal artery and the superior temporal vein, with its long axis parallel to the 
latter vessel. The corrected visual acuity was 6/6 in each eye. Subsequently 
these lesions grew gradually smaller, and disappeared within 40 days. Fig. 2 
shows the relationship between blood-pressure, haemoglobin, blood transfusion, 
and the development of the retinal lesions. 


Case 7. The patient was a 75-year-old man, a retired jeweller, who had had 
no symptoms suggestive of peptic ulceration in his life. For about 12 months 
before his admission he had noticed, on walking upstairs or digging in his 
garden, a pain situated deep in the centre of his chest, without radiation, and 
accompanied by breathlessness. This pain was relieved by rest. It bore no 
relation to food or to posture. On the morning of 5.12.57 he woke up feeling a 
little nauseated, and did not want his breakfast. After breakfast he went to the 
lavatory and passed a large black stool, after which he felt dizzy and faint. He 
was noticed at this time to be pale and sweating. He went back to bed, and 
after some hours felt better and had a normal lunch. Later in the afternoon he 
vomited about two or three pints of altered blood. He was on that account 
admitted to hospital. While on the way to hospital, in the ambulance, he 
vomited several ounces of altered blood, and again after admission, while being 
seen in the Casualty Department, he had a further small haematemesis. Apart 
from pain and breathlessness on exertion, he had had no symptoms referable to 
any system. He had taken no drugs other than occasional aspirin tablets to 
help him to sleep. He had not had any of these for three days before his ad- 
mission. His family history contained nothing relevant, except that one of his 
nephews had died at an unknown age from haematemesis. 

Examination revealed an old man who was pale, whose extremities were cold, 
and who was vomiting a few ounces of altered blood. His pulse rate was 90, 
with regular rhythm, blood-pressure 120/65, and the apex beat five inches 
from the mid-line in the fifth left interspace, with a normal impulse. There was 
no jugular venous congestion. No jaundice was present. There were no spider 
naevi, and the palms of the hands were normal. There was no clubbing of the 
fingers or forearm pulse. There were no visible venous collateral vessels on the 
anterior abdominal wall. The liver and spleen were not palpable. No other 
viscera were palpable. 

On his admission both findi were normal. The disk edges were clearly 
defined, and the colour of the disks normal. The vessels showed no irregularities 
of calibre, there was no arteriovenous obliteration of the crossings, and no 
haemorrhages or exudates were seen. An electrocardiogram on 13.12.57 showed 
a small Q wave with a diaphasic T wave in lead I. A Q wave was present in 
leads III, aVF, and V5. T-wave inversion was present in lead aVL. The blood 
urea on 7.12.57 was 145 mg. per 100 ml., and on 30.12.57 45 mg. per 100 ml. 
Chest X-rays on 17.12.57 showed collapse at the right base. 

The patient was admitted to the ward, and transfusion was set up at once. 
The subsequent course of the haemoglobin levels and blood-pressure is shown 
in Fig. 3. At midnight on 5/6.12.57 his blood-pressure dropped for half an 
hour to 90/50. At 11.30 a.m. on 6.12.57 it dropped once more to 100/70; the 
patient was pale, cold, and sweating, and lost consciousness for one minute. At 
10 p.m. on 6.12.57 his blood-pressure dropped to 80/40, and he was again 
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observed to be pale, cold, and sweating. At 8 p.m. on 7.12.57 the blood-pressure 
for 30 minutes dropped to 100/70. Thereafter the blood-pressure was well 
maintained, the systolic varying between the limits of 140 and 150, and the 
diastolic between 90 and 60, until 11.12.57, when for six hours the blood- 
pressure was 110/70. From 5.12.57 to 14.12.57 he received blood transfusions 
totalling 16 pints. 
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Fic. 3. Case 7. The relationship between blood-pressure, haemoglobin, treatment, and the 
development of retinal lesions. 


On 6.12.57 his temperature rose to 100° F, and his respiratory rate increased. 
Crepitations and rales were heard over the right lower lobe, and he was accord- 
ingly given penicillin and streptomycin. This treatment was discontinued on 
19.12.57, when his temperature was normal. On 21.12.57 his temperature rose 
for 24 hours to 100-5° F. He was observed to be breathless, and crepitations 
were heard at the right base. Penicillin and streptomycin were thereupon 
administered once more until 28.12.57. On that day he had a recurrence of 
fever, his respiratory rate rose to 26, the breath sounds were diminished, the 
percussion note was dull at the left base, and coarse crepitations were heard at 
the right base ; he was given aureomycin. Three days later, having in the inter- 
val had no pyrexia although still breathless, he died suddenly. 

Autopsy showed the presence of a massive pulmonary embolus astride the 
right and left branches of the pulmonary artery. There was recent infarction 
of the lower lobe of the right lung, with occlusion by thrombus of the corre- 
sponding branch of the pulmonary artery. Ante-mortem thrombus was present 
in the left femoral vein. There was a cardiac aneurysm involving the apex and 
lower part of the interventricular septum, with occlusion of the descending 
branch of the left coronary artery by old thrombus. There was also a chronic 
peptic ulcer on the lesser curvature of the stomach, just proximal to the pylorus. 

Until the morning of 10.12.57 both fundi were normal. It will be recalled 
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that on 6.12.57 the patient had had three short episodes of hypotension, when 
the blood-pressure was 90/50, 100/70, and 80/40 respectively. On the evening 
of 7.12.57 there was one further short episode of hypotension, when the blood- 
pressure was 100/70 for about 30 minutes. On 10.12.57, after an interval of 
three days during which his blood-pressure had been within normal limits and 
the haemoglobin not less than 50 per cent., the first lesion was seen in the right 
retina. This lesion is shown in Fig. 3 as No. 1, and consisted of an ill-defined 
exudate lying partly across the right superior temporal artery, about a half-disk 
diameter in its long axis and rather over one disk diameter out. The haemoglo- 
bin on 10.12.57 was 50 per cent. The blood-pressure varied between the limits 
of 150 and 140 systolic and 90 and 60 diastolic. On the following day (11.12.57) 
an additional lesion was seen in the right fundus, designated No. 2 in Fig. 3. 
This consisted of a small oval exudate about one-quarter of a disk diameter in 
its long axis, lying just lateral to the superior nasal artery as it leaves the disk 
border. Two lesions were seen in the left fundus on this day, designated Nos. 3 
and 4 in Fig. 3. Lesion 3 was an exudate lying across the inferior nasal artery, 
about half a disk diameter in length, and about one-quarter of a disk diameter 
out. No. 4 was a small oval exudate, about half a disk diameter in length, 
lying between the inferior temporal vessels about one disk diameter out. On 
this day the haemoglobin was 65 per cent. and the blood-pressure varied 
between 140 and 110 systolic and 85 and 70 diastolic. 

On 12.12.57 and 13.12.57 no additional fundal lesions were seen. The blood- 
pressure during this time varied between 150 and 120 systolic and 85 and 60 
diastolic. The haemoglobin on 13.12.57 was 70 per cent. On 14.12.57 an 
additional lesion was seen in the left fundus, designated No. 5 in Fig. 3. This 
was a small oval exudate, about one-fifth of a disk diameter in length, lying 
just below the superior nasal artery about one and a half disk diameters out. 
On this day the systolic pressure varied between 130 and 110, and the diastolic 
between 70 and 75. On 15.12.57 three additional lesions were seen, two in the 
right fundus and one in the left, designated 6, 7, and 8 in Fig. 3. Lesions 6 and 7 
were in the right fundus, and consisted of two small linear haemorrhages, lying 
just above the upper edge of the disk and just lateral to the exudate already 
described as No. 2. No. 8 was an oval exudate in the left fundus, lying lateral to 
and parallel with the inferior temporal artery, about one-half of a disk diameter 
out. On this day the blood-pressure was observed only once, and was 140/80. 
From then onwards, and until his death, the patient showed no further retinal 
lesions, and by 19.12.57 lesions 1 and 2, and 3, 4, and 8, had begun to grow 
fainter. On 28.12.57 lesion No. 2 was practically invisible; the other lesions 
were still present but faint. All the lesions seen, with the exception of the two 
haemorrhages, appeared to reach their maximum size within 24 hours; that is, 
none were seen to increase in size after first being noticed. This was not the 
case with the two haemorrhages: when they were first seen they differed in size, 
and were both very small. Subsequently each of them, in a period of three days, 
attained twice the size of that haemorrhage which was originally the larger. 

After death both eyes were removed and fixed, and one was sent to Professor 
N. Ashton at the Institute of Ophthalmology, London. The anatomical findings 
will be published in detail later. The exudates consisted of sharply demarcated 
zones of oedema, confined to the inner layers of the retina, containing varicose 
nerve fibres or cytoid bodies. 


Case 8. In 1939 a College butler, then aged 47, experienced the first of many 
episodes of epigastric pain, having no radiation, occurring about 30 minutes 
after food, and relieved by alkaline medicines. Each episode lasted for about 
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14 days, and was succeeded by a remission of symptoms, lasting three or four 
months. During one such episode in 1939 he vomited a quantity of brown fluid, 
and felt faint immediately afterwards. He then noticed that his motions had 
become black. He was treated by rest in bed for two months. From then until 
1945 he was free of symptoms, but in this year his pain returned at a time when 
he was experiencing a period of emotional stress. For the next 13 years, until 
his admission, he had a number of episodes of pain with remissions lasting up 
to six months. In 1954, and again in 1956, he felt sweaty and faint for a few 
moments, but did not notice the colour of his stools, nor did he vomit. On 
8.10.58, having had the pain for about 10 days, he noticed that his stools had 
again become black, and later on that day he felt for a few moments weak and 
faint, and noticed that he was sweating. He did not vomit. In the evening of 
11.10.58, while going home in a bus, he suddenly sweated, and when he got 
off the bus felt faint and unsteady on his feet. He was therefore admitted 
immediately to the Radcliffe Infirmary. 
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Fic. 4. Case 8. The relationship between blood-pressure, haemoglobin, treatment, and the 
development of retinal lesions. 


He was a pale man, with warm extremities and dry skin. The pulse rate was 
100, with regular rhythm, and the blood-pressure 160/90. There were no ab- 
normal signs in any system of the body, except that his rectum contained a 
melaena stool. His fundi were not examined by either of us at this time. 

A few hours after his admission, at 12.30 a.m., 12.10.58, his blood-pressure 
dropped suddenly to 70/40, and he became sweaty, cold, and pale. He did not 
lose consciousness, nor did he notice any changes in his vision. Blood transfusion 
was immediately begun, and within 45 minutes his blood-pressure had reached 
a level of 100/60. Thirty minutes after this it was 140/90. Two pints of blood 
were given by transfusion, and the patient made a recovery which was inter- 
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rupted only by one further fall of blood-pressure to 100/70 for 30 minutes at 
2.0 p.m. on 12.10.58. Thirty minutes later the blood-pressure had risen to 
110/70, and 30 minutes after this it was 120/80. The systolic pressure then 
remained within the limits of 120 to 130, and the diastolic 80 to 90. On 14.10.58, 
two days after the blood transfusion of two pints, his haemoglobin was 75 per 
cent., on 18.10.58 64 per cent., and on 24.10.58 75 per cent. A barium meal on 
17.10.58 showed no abnormality in the upper gastrointestinal tract other than 
a large diverticulum arising from the second part of the duodenum. 

His fundi were first examined by one of the authors at 8.45 p.m. on 
12.10.58, about eight hours after the fall in blood-pressure that was taken to 
indicate the necessity for blood transfusion. At this time both fundi showed a 
few scattered colloid bodies. In all other respects the left fundus was, and 
remained, normal. In the right fundus, however, there was an ill-defined white 
exudate about half a disk diameter out, lying mainly below, but with its upper 
border overlapping, the superior temporal vessels. The exudate was oval in 
shape, and lay with its long axis at right angles to that of the vessels. There 
was at this time no other lesion to be seen. On the following day no alteration 
had taken place in the right fundus. But on 14.10.58, when the fundi were 
examined at 10.30 a.m., a second lesion was seen in the right fundus. This 
lesion, like the first, was an ill-defined white exudate. It was of irregular shape, 
and lay about half a disk diameter out, just above the inferior temporal artery. 
No further lesions developed in either fundus. Fig. 4 shows the haemoglobin 
and blood-pressure levels, and the times at which the two retinal lesions were 
first seen. Both lesions in the right fundus remained apparently unaltered from 
14 to 21.10.58, when they began simultaneously to regress at approximately 
the same rate. By 24.10.58 both had become much smaller, their surfaces 
whiter, and their borders more distinct, so that, although now diminished in 
size, they were easier to see than they had been at first. By 7.11.58 both lesions 
were quite invisible. 


Di 


The occurrence of neuroretinopathy as described here, after a gastrointestinal 
haemorrhage, seems to have been noticed by Ulrich in 1883. He described a 
woman, aged 25, who was admitted to the Medical Clinic at Strasbourg after 
haematemesis. Seven days later, when the fundus was examined, the papilla 
was pale, but otherwise nothing abnormal was found. Two days later she 
swooned after a haematemesis, and was examined ophthalmologically 10 
minutes later. The papilla was very pale, and its edges sharp. The arteries were 
thin and weakly filled. There were numerous retinal haemorrhages, some with 
pale centres and glistening white flecks. The macula lutea was dark. Around it 
were white streaks like those seen in albuminuric retinitis. Two months after 
the onset vision and ophthalmoscopic appearances were normal. In 1887 
Ulrich described further haemorrhages and exudates in four patients who had 
bled, three of them from the stomach and one from the nose. One of these 
patients was examined in some detail. A woman aged 22 for several days 
repeatedly vomited very large amounts of blood, with a transient loss of con- 
sciousness. On December 15 the disk was very pale ; the same was noted on the 
16th. On the 19th the disk was again pale, and a haemorrhage had appeared in 
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the left eye. On the 21st there were small white flecks in both eyes. On the 29th 
there was a new haemorrhage in the right eye, and the white spots were in- 
creased in number in both eyes. On January 8 there were a few new haemor- 
rhages. On January 20 the patient was discharged from hospital with normal 
vision. At about the same time Mackenzie (1884) described in full a similar 
patient, whose case report is reproduced as follows: 


‘Ulcer of stomach. Severe haematemesis. Sarah H—, aet. 29, dressmaker, 
applied for treatment at the London Hospital on 12th September 1883. Whilst 
in the waiting room she fainted, and on regaining consciousness vomited a 
quantity of altered blood (amount not estimated). She was admitted to the 
ward. She had been engaged in dressmaking since the age of 10, has worked 
under favourable hygienic conditions, and walked about 3 miles a day. Is a 
total abstainer. About a fortnight before admission, she felt a good deal of 
discomfort from pain in the chest, behind the sternum. She attributed it to the 
smell of paint to which she was exposed. On 8th September she was walking 
upstairs at the workshop and suddenly felt so faint that she had to lean against 
the wall to support herself. She recovered and continued her work until the 
evening, when, feeling worse, she was assisted home and stayed in bed on the 
following day. She then resumed her work, feeling better until the day when 
she applied for treatment, but it subsequently transpired that her motions had 
been somewhat black for the few preceding days. 

‘On admission, 12th September, she was slightly anaemic in lips and face, 
and her complexion rather dull. Her pulse was 100, respirations 25, the tempera- 
ture 98-5°. She complained of throbbing in the head. There were no noticeable 
signs of disease in the fundi. The apex beat of the heart was an inch below and 
an inch and a quarter to the inner side of the nipple line. There was a slight 
systolic bruit. Tongue slightly furred, bowels confined. 

‘September 14th—An enema was given, which brought away a good deal of 
faeces mixed with altered blood-clots. 15th—About 4 p.m. on this day she 
vomited about 16 ounces of blood, previous to which she had singing in her ears, 
and her vision became blurred. She became very anaemic. 16th—She vomited 
a small quantity of blood. 17th—Has had no more vomiting. She looked washy 
and white, and her lips were bloodless. Temperature in morning 98-8°, in 
evening 101°. 18th—During the night she felt chilly, and her temperature was 
found to have risen to 103°, Her pulse this morning was 120 and bounding. 
Her blood was examined, and it was found that the coloured corpuscles were 
34-6%, haemoglobin 24%. 

‘Her condition was now very striking. She appeared exsanguine. The whole 
surface of the body was of a uniform pallor, the lips and gums and palpebral 
conjunctiva appearing almost white. She gazed vacantly into the air, and paid 
no heed to what was passing around her. Her sense of hearing was a little im- 
paired. When her attention was aroused she answered questions in a slow 
deliberate manner, but lapsed into the same indifferent condition. Her manner 
and marble-like whiteness were statuesque. The right pupil was fully dilated 
by atropine. The retinal arteries and veins were pale and unusually translucent. 
The papilla and retina appeared normal. Temperature 103°. On September 19th 
—the retinal veins were noticed to be a little tortuous, but pale. There was an 
appearance suspicious of a small haemorrhage in the superficial layer of the 
retina below the left disc. Temperature 101°, pulse 132. 

*20th—No more vomiting. Pulse 140, temperature 100-5°. She had the same 
waxy appearance and abstracted look. No haemorrhages whatever are to be 
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seen in the retina in the afternoon. Coloured corpuscles 30-2%, haemoglobin 
23%. In the evening a small haemorrhage was noticed in the left retina, on a 
branch of the ascending artery, some little distance from the papilla. It was 
about one-fifth the diameter of the disc and had a white centre. It occupied the 
nerve-fibre layer. It was the only unequivocal haemorrhage. The margin of 
the papilla is distinct, the veins large, and both veins and arteries pale. Had the 
same vacant look and waxy appearance. 

*22nd—The haemorrhage observed on the 19th still present, but fading. 
Just below it and close to another vessel was another fresh haemorrhage of 
about the same size. She had up to this time been fed by nutrient enemata, but 
was now able to take milk by stomach. Her temperature was 100-5° in the 
morning, 100° in the evening. 23rd—Coloured corpuscles 34-8°%, haemoglobin 
20%. 24th—The two first haemorrhages still noticeable, but fading. A fresh 
one, of small size, is seen below and to the inner side of the left papilla. When 
seen in the afternoon it had no white centre, but when seen in the evening it 
had a distinct white centre. Patient, though still very pallid, was improving. 
Temperature 99°. 

‘25th—Coloured corpuscles 41-4°%, haemoglobin 27-0%. The vacant look 
was not so marked, and general appearance better. Still extremely pallid. 
26th—No more haemorrhages in fundi, and that first noticed had quite dis- 
appeared. General condition much improved. Takes fluid nourishment. Ice 
bag that had been applied to epigastrium now discontinued. Temperature 
98-8° morning, 99-5° evening. Coloured corpuscles 38%, haemoglobin 27%. 
29th—Looked better, but still very pallid. There was very little trace of the 
retinal haemorrhages. 

‘October 2nd—Coloured corpuscles 36-8°%, haemoglobin 23%. 3rd—Left eye: 
The remains of the older haemorrhages had quite disappeared. There was, how- 
ever, another haemorrhage larger than any of the others some distance above 
and to the inner margin of the disc, not situated near to any vessel. Right 
eye: Some distance below and to the inner side of the papilla was a small white 
speck, possibly the remains of a haemorrhage, the eyes not having been exa- 
mined for two days. 5th—The haemorrhage that was noticed on the 3rd fading. 
8th—Coloured corpuscles 35-6%, haemoglobin 29%. The temperature up to 
this date had been remittent; the morning temperature being about normal, 
whilst the evening temperature averaged about 100°. The pulse remained about 
120. She took milk and bread and pudding. Was free from pain. Her manner 
had become quite natural, and she was cheerful, but great pallor remained. 

‘Since this date, her condition has been one of continued progress ; nothing 
illustrates this better than the blood chart. 
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Oct. 28 
31 
Nov. 5 
10 
16 
23 
30 


‘With the exception of some pain and vomiting after taking solid food at the 
end of October, the patient had no further symptoms. She was sent to Brighton 
on December Ist, when she looked and felt quite well, and was able to eat 
minced meat, and bread and butter and eggs.’ 


In 1905 Pagenstecher, in an important paper on the fundal changes in anae- 
mia, discussed the subject widely. He described three cases of severe chlorosis, 
with retinal haemorrhages which cleared up with the increase of haemoglobin. 
He had seen these among 246 cases of chlorosis. He stated that neuritis and 
choked disk had been described in chlorosis, and ascribed these changes to 
raised intracranial pressure, which Lenhartz (1896) had shown to characterize 
anaemic states, particularly chlorosis. In particular he attributed Samuelsohn’s 
case of Strangulationspapilla in chlorosis, with 9 dioptres swelling, to raised 
intracranial pressure. He also described three patients in whom loss of blood 
had produced changes resembling those here described. 


The first was a woman of 29 years, with repeated haematemeses, whose 
retinae were normal originally, and who subsequently developed bilateral 
haemorrhages and exudates without visual disturbances. The second was a 
woman of 46, who also had a haematemesis. On December 11 her haemoglobin 
was 32 per cent., and the fundi were normal. The fundi were again normal on 
December 22. On December 27, when her haemoglobin was 35 per cent., a 
whitish exudate, two-thirds of a disk diameter long and twice the width of 
a vessel, appeared in the right eye, and a smaller one in the left. On January 2 
the exudate was unaltered in the right eye, but there was a small new one. 
On January 9 the haemoglobin had risen to 42 per cent., and the patient was 
improving, but there was a new exudate in the left eye. On January 16 the 
haemoglobin was over 50 per cent., the exudates were disappearing, and she 
was free of symptoms. The third patient was a woman of 26, who was admitted 
on the night of December 11, and at 1 o’clock in the morning had an abortion. 
On the 12th she was very anaemic. On the 13th the haemoglobin was 35 per 
cent. ; ophthalmoscopic examination revealed no abnormalities. On the 17th she 
was much better; ophthalmoscopic examination revealed a white ill-defined 
exudate, one-fourth of the disk in size, two disk diameters from the left disk. 
There were no haemorrhages. On January 3 the haemoglobin was 50 per cent. 
On January 9 the exudate had disappeared. 


Pagenstecher commented that in these three cases the retinitis developed a 
considerable time after haemorrhage. Thus in the first case it developed between 
13 and 15 days after the first, and between nine and 11 days after the second 
haematemesis. In the second case the bleeding spread over seven days; the 
first retinal alteration occurred between 19 and 22 days after the first, and 
between 12 and 15 days after the last bleeding. In the third case the patient 
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lost blood for six days; the retinal changes began between eight and 11 days 
after the beginning and between two and five days after the end of bleeding. 
He disagreed with Ulrich, who attributed the changes to compression of the 
veins at the edge of the papilla, because these changes occurred many days 
after haemorrhage, and the white spots could not be attributed to haemorrhage ; 
he therefore thought they probably represented a nutritional disturbance due 
to the anaemia. He next described a haemophilic aged 18, who bled into the 
knee-joint, and whose haemoglobin just before death was 10 per cent. The fundi 
showed yellowish flecks between haemorrhages. After death the eyes were 
removed and sectioned. The eye treated with Flemming’s preparation showed 
fatty degeneration in the vessel walls. In the other eye, of which sections were 
made with celloidin, he found the anatomical basis of the white flecks to be 
strongly coloured, rather cloudy spots in the nerve-fibre layer. The nerve fibres 
were varicose and thickened. There was no excess of leucocytes. 

Moore (1925) examined the fundi of 43 patients with severe secondary anae- 
mia chiefly due to haemorrhage from gastric or duodenal ulcer, but in some 
cases to haemophilia or piles. In 10 of these patients he found haemorrhages 
alone, in two white patches alone, and in four both haemorrhages and white 
patches. The haemorrhages were seldom profuse, often only two or three in 
number, and close to the disk. They gave no symptoms, and disappeared leav- 
ing no residue. ‘Of especial interest are the soft-edged white patches, which 
individually may be quite indistinguishable, as seen with the ophthalmoscope, 
from the “‘cotton wool patches” of renal retinitis.’ They seemed to be in the 
nerve-fibre layer, sometimes obscuring a retinal vessel. The white spots also 
disappeared, leaving no trace, the shortest time for disappearance being 15 days. 
Pines (1931) described and illustrated exudates which covered some of the 
arteries, exactly as in albuminuric retinitis, in a woman aged 33, whom he 
examined three weeks after she had ‘lost a tremendous amount of blood from 
@ miscarriage’. 

The observations of others, as well as of ourselves, make it plain that all the 
phenomena of hypertensive neuroretinopathy (albuminuric retinitis), except 
those referable to vascular disease, may be seen after severe haemorrhage. One 
of Ulrich’s cases, and Pines’s case, make it extremely probable that the source 
of the haemorrhage is not a determining factor. It seems that the retinal lesions 
have been described most often in gastrointestinal haemorrhage simply because 
this is the commonest source of severe haemorrhage in patients admitted to 
medical wards. The nature of the lesions themselves can at present be inferred 
only from their appearance and their life history. All the haemorrhages resolve 
without leaving any recognizable trace; of the exudates, as is illustrated by 
Case 3, most disappear completely and some very rapidly. One of the exudates 
seen in Case 5 was invisible 48 hours after its appearance, and another very 
nearly so. It is most improbable, therefore, that any of these lesions represent 
permanent areas of damage to the retinal tissue itself; they seem rather to be 
due to the escape of blood or plasma from abnormally permeable vessel walls. 
A few exudates in Case 3 left more permanent white patches, which probably 
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represented lipoid deposits. They disappeared gradually in the course of several 
months, as do the exudates forming the macular star in hypertensive neuro- 
retinopathy and the ‘exudates’ with similar appearances in arteriosclerotic 
retinitis (Moore, 1925). 

It might be supposed that loss of blood could result in damage to the walls 
of the minute retinal vessels in one of two ways. Either the anaemia might 
cause the damage, or the adjustments of the body following a significantly large 
and sufficiently sudden diminution in the circulating blood volume might do so. 
It has been known for a long time, and was particularly emphasized by Macken- 
zie in a series of papers (1878, 1881, 1884), that retinal haemorrhages and 
exudates often occur in pernicious anaemia, and similar lesions are well known 
in anaemia due to iron deficiency (Eales, 1884). Mackenzie accounted for these 
lesions by supposing that the walls of the retinal capillaries undergo fatty 
degeneration and, becoming thus abnormally permeable, allow the escape of 
plasma and red cells into the retina. The same explanation was offered by von 
Oettingen (1877), and by Pagenstecher who, as already described on page 171, 
found fatty degeneration in the walls of the retinal vessels of a haemophilic. 

The hypothesis that it is the anaemia following haemorrhage which deter- 
mines the retinal lesions is entirely consonant with the facts as reported in 
many of the older case ‘ories. Ulrich (1883) noted, of the young woman in 
whose retinae he saw Ik .ns ten minutes after a haematemesis, that she was 
already very anaemic on admission to hospital (see page 167). How long she 
had been so is not known, and it may be that it was no more than fortuitous 
that these lesions due to the antecedent anaemia developed within a short 
time of haematemesis. Mackenzie’s (1884) patient lost enough blood on Septem- 
ber 8, 1883 to make her feel faint. It was 12 days later that the first retinal 
haemorrhage was seen, and during the interval she had lost more blood. Of the 
patients described by Pagenstecher (1905), the first two may well have been 
anaemic for some time. Moore (1925) did not state the time interval between 
the haemorrhage and the development of the retinal lesions in his patients with 
anaemia due to haematemesis and melaena. Pines’s (1931) patient was examined 
21 days after a large loss of blood due to abortion. 

Of the present series, Cases 2, 3, and 4 show no features which cast doubt on 
the supposition that anaemia was the primary cause of the retinal lesions. 
Patient No. 2 had repeated, profuse haemorrhage for 24 days before the retinae 
were seen to be abnormal, and during all this time she was more or less severely 
anaemic. Patient No. 3 presumably bled on the evening of admission, when his 
blood-pressure fell for two hours, and for the next 12 days his behaviour was 
consistent with the anaemia which was found at the end of this period, when 
his fundi were seen to have lesions. In Case 4 there is too little detailed informa- 
tion available to support or refute any argument about the possible cause of 
the retinal lesions, except that they were presumably related to the melaena. 
Our remaining four cases, however, in which observations were made much 
more frequently, are more difficult to reconcile with this hypothesis. Figs. 1, 2, 
3, and 4 show the relations between haemoglobin levels, circulatory changes, and 
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the appearance of retinal lesions. From these figures it is apparent that the 
development of retinal haemorrhages and exudates bore no clear relationship 
to the presence of anaemia, but rather that, in all four cases, it was preceded by 
a fall in blood-pressure, which in each case was profound but of short duration. 
In Cases 6 and 7 the fall in blood-pressure was accompanied by unconscious- 
ness ; in Case 5 the first period of low blood-pressure was attended by momentary 
blurring of vision. In Case 5, with a history of 72 hours’ haematemesis and 
melaena, the haemoglobin was 29 per cent. on admission to hospital. Forty- 
eight hours later the haemoglobin was 72 per cent. after transfusion of nine 
pints of blood. Twenty-four hours later, and again 12 hours after that, the 
patient had two brief periods of hypotension, on each occasion becoming cold, 
pale, and sweaty, and on the first complaining of blurred vision. Three hours 
after the second fall in blood-pressure her left retina, previously normal, showed 
its first lesion. It is impossible to know whether this lesion was caused by the 
anaemia found on admission but quickly corrected, or was the consequence of 
some circulatory adjustment to the rapid bleeding which took place at about 
the time her blood-pressure fell. 

Consideration of Cases 6, 7, and 8, however, makes the latter at least a 
possible explanation. Patient No. 6 was admitted with a haemoglobin level of 
50 per cent., which fell to 38 per cent. 72 hours later. At this time transfusion 
was started, and 24 hours later the haemoglobin was 65 per cent. Twelve hours 
later, and for 16 hours, she bled so rapidly that she had to receive 35 pints of 
blood. On four occasions she lost consciousness, and became white, cold, and 
sweaty, for up to 10 minutes at a time. At the end of this period her haemo- 
globin was 72 per cent.; 24 hours later her retinae showed haemorrhages and 
exudates. The predominant feature of her case, therefore, was a succession of 
profound circulatory changes resulting from her haemorrhage rather than a 
sustained anaemia. Patient No. 7, whose clinical course is summarized in 
Fig. 3, never became severely anaemic ; nevertheless, he developed four lesions 
in each retina. He was admitted seven hours after his first known haemorrhage, 
with a haemoglobin level of 85 per cent. Subsequently it fell to 50 per cent., 
but at no time was it known to have fallen lower than this. On his second and 
third days in hospital he had four brief falls in blood-pressure, each accompanied 
by pallor, coldness, and sweating. During the second episode of low blood- 
pressure he became unconscious for one minute. Three days after the last 
episode the first retinal lesion was seen. Fresh lesions appeared on the fourth, 
seventh, and eighth days after the last fall in blood-pressure, when the haemo- 
globin was between the limits of 65 and 80 per cent. and the lowest recorded 
blood-pressure readings were 110 systolic and 80 diastolic. It is difficult in this 
case to ascribe the retinal lesions to anaemia, and it seems more reasonable to 
suppose that they were the result of events taking place in the patient’s circula- 
tory system at the times at which his blood-pressure fell. Our last patient, hav- 
ing had black stools for three days, had two brief episodes of faintness before his 
admission. Soon after he came into hospital his blood-pressure fell to 70/40 for 
just over 30 minutes. Some hours later there was another episode, of similar 
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length, when it fell to 100/60. He received only two pints of blood and, two 
days after this transfusion, on the day on which the second lesion was first seen 
in his right fundus, his haemoglobin was 75 per cent. It appears impossible to 
suppose with reason that anaemia was the cause of this man’s retinal lesions, 
and difficult to avoid the conclusion that, in some way, events occurring during 
the periods of low blood-pressure determined the changes in the fundus. 

Of these four cases, each successive one provides less evidence to support the 
hypothesis that anaemia is always the ultimate cause of the retinal lesions that 
occur after haemorrhage, and more evidence that, in some cases at least, the 
retinal changes are in some way the result of sudden diminutions in the circulat- 
ing blood volume. It would be of importance to know whether in other condi- 
tions, in which a profound fall in blood-pressure occurs without loss of blood, 
similar retinal lesions ever occur. If they do, it might be possible to define more 
clearly the relation of the post-haemorrhagic lesions either to anaemia or to 
profound falls in blood-pressure. Dr. John Badenoch has kindly made available 
to the authors the case history of a man who suffered a myocardial infarct, after 
which his blood-pressure fell to very low levels for some hours. He became 
white, cold, and sweaty, and was treated with noradrenaline by intravenous 
infusion and heparin. Two days later, in the absence of signs of bleeding else- 
where, two small retinal haemorrhages were seen. These may have been due to 
his treatment ; but it would clearly be of great interest if detailed observations 
were to show that retinal lesions develop in those patients with myocardial 
infarcts in whom the blood-pressure falls profoundly, but not in other such 
patients who have no hypotension. 


One of the chief reasons why we have been interested in the changes of the 
fundus oculi after haemorrhage is that they resemble so closely those seen in 
patients with hypertension in the malignant phase. Papilloedema may occur 
in both, though it is more common and more extreme in the hypertensive form ; 
the exudates and haemorrhages are indistinguishable in the two conditions, 
and may be equally evanescent in either. Indeed, it may be only by the lack of 
visible changes in the blood-vessels themselves that the observer can distinguish 
a patient who, previously of normal blood-pressure, has bled, from one whose 
retinopathy is due to hypertension in the malignant phase (Plate 15, Fig. 9). 
Little more than the histological picture is known of the changes in the small 
vessels of the brain and retina in malignant hypertension, and even less of these 
changes in anaemia or immediately after haemorrhage. It is thus clearly im- 
possible confidently to ascribe to similar, much less to identical causes, lesions 
in the retina of which we know no more than that their appearance is indis- 
tinguishable. In the remainder of this discussion, therefore, we shall review the 
changes in the cranial cavity and the blood-vessels of the brain and retina in the 
two conditions, so far as they are known, and from these infer possible mechan- 
isms that might be held to determine the changes in the ocular fundus that are 
well known in malignant hypertension, and to which we have drawn attention 
after massive haemorrhage. 
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In 1908 Cushing and Bordley demonstrated the frequency with which the 
cerebrospinal-fluid pressure was raised in patients with an albuminuric retinitis. 
They showed further that the condition could be reversed by lowering the intra- 
cranial pressure. Finding lesions exactly similar to those of hypertensive neuro- 
retinopathy in 14 per cent. of patients with cerebral tumour, they suggested 
that raised intracranial pressure was the chief factor in producing the neuro- 
retinopathy of hypertension. Shelburne, Blain, and O’Hare (1932) found raised 
cerebrospinal-fluid pressure in 19 out of 20 patients with hypertension and 
choked disk. Pickering (1934) found that all of 13 patients with a cerebrospinal- 
fluid pressure persistently above 250 mm. of water had, or developed, papilloe- 
dema, while of those with lower pressures eight had arteriosclerotic retinopathy, 
and only one had neuroretinopathy. Subsequent workers (Taylor, Corcoran, 
and Page, 1954; Kincaid-Smith, McMichael, and Murphy, 1958) have found 
such differences less frequently. There is, however, at least a case for supposing 
that raised cerebrospinal-fluid pressure is concerned in the pathogenesis of 
hypertension and neuroretinopathy ; the evidence is not much inferior to that 
on which is based the hypothesis that papilloedema in cerebral tumour is due to 
increased intracranial pressure (Pickering, 1955). 

For reasons of humanity we have made no measurements of cerebrospinal- 
fluid pressure in our patients who have bled. Nevertheless, there is evidence 
that in chronic severe anaemia this pressure may be raised. Lenhartz (1896) 
measured it in five girls with severe chlorosis, and repeated the measurements in 
three. The cerebrospinal-fluid pressure was raised in all cases, the last readings 
being 160, 400, 230, 400, and 210 mm. of water. Although none of the patients 
died, he attributed the raised intracranial pressure to intracranial venous 
thrombosis, probably of the transverse sinus. As evidence, he adduced two 
cases described by Leichtenstern and Buchler, in which chlorotic girls who had 
died in coma had been found to have thrombosis of the great vein of Galen and 
its tributaries. Lenhartz had also himself seen three cases in which sinus 
thrombosis had been found post mortem. Pickering (1934) found a cerebro- 
spinal-fluid pressure of 210 mm. of water in a man aged 33, whose haemoglobin 
had been reduced to 30 per cent. by bleeding piles; several weeks later, when 
the haemoglobin had risen to 80 per cent., the cerebrospinal-fluid pressure was 
150 mm. of water. 

Clearly, in patients who go blind during or immediately after massive haemor- 
rhage, raised intracranial pressure is not concerned with the production of 
papilloedema; for, in cases where the blindness was unilateral, papilloedema 
invariably developed on the affected side only (Singer, 1904; our Case 1). 
Raised intracranial pressure, however, may well be the cause of papilloedema 
in patients who, having bled, have remained anaemic for some time, just as it 
appears to be in patients with malignant hypertension. The cause of this rise in 
cerebrospinal-fluid pressure is not readily apparent in either group of patients, 
and may well be different in each. Among patients with high blood-pressure 
Pickering (1934) found the level of protein in the cerebrospinal fluid to be higher 
in those with raised intracranial pressure and hypertensive neuroretinopathy 
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than in those with lower pressures and with only arteriosclerotic retinopathy or 
no retinal lesions at all. Byrom (1954), working with rats with severe hyper- 
tension, observed focal contractions of the pial arteries and focal areas of oedema 
of the brain. It seems possible that the aggregate effect of many such oedema- 
tous areas might determine the rise in cerebrospinal-fluid pressure and its high 
protein content in patients with hypertension in the malignant phase. It may 
be that in severe anaemia focal damage to the same blood-vessels occurs, and 
hence similar areas of cerebral oedema, but there is no evidence known to us to 
support this hypothesis. It seems unlikely that intracranial venous sinus 
thrombosis could account for more than a small fraction of cases of choked disk 
in chronic anaemia, since even when chlorosis was common such thrombosis was 
rare (Allbutt, 1898; Welch, 1899). 

We can without hesitation reject the view that the retinal exudates, which 
sometimes occur after haemorrhage and are so characteristic of malignant hyper- 
tension, are simply the result of raised intracranial pressure. Of our patients 
with haemorrhage only two had papilloedema, while all had exudates. In cases 
of malignant hypertension exudates often precede papilloedema, while in 
patients with cerebral tumour papilloedema is usual, but exudates rare. It is 
not our intention to discuss here the exudates in the retinae of patients who 
may have been anaemic for some time. There were two such cases in our series 
(Cases 2 and 3); in neither of these patients was the fundus oculi inspected until 
they had been anaemic for 24 and at least 13 days respectively. We cannot there- 
fore say how soon or in what manner their lesions developed. We have already 
drawn attention to the changes found by Pagenstecher (1905) in the walls of 
the retinal vessels of an anaemic patient ; the genesis of the retinal lesions seen 
in such cases may well be related to such changes. In all our other patients the 
exudates, observed frequently, were never seen to increase in size, and in two 
(Cases 2 and 7) it seemed as though they developed in discrete crops. Exactly 
the same process may be seen in patients with hypertension, as in the following 
case: 


A 39-year-old primigravida was found to have pyelonephritis. In the tenth 
week of her pregnancy her blood-pressure was 95/60, but some weeks later rose 
to 180/100. She was admitted to St. Mary’s Hospital, London, in August 1953 
for observation, and treated for her renal infection. On 21.12.53 her blood- 
pressure was 190/130, and in her fundi, which were inspected daily, no exudates 
were seen. On 22.12.53 one soft exudate was seen in each fundus. At 5.30 p.m. 
on the following day there had been no change in the fundi, but two hours 
later two new exudates had appeared in the right retina. No exudate increased 
in size and, after the blood-pressure had been lowered by pentolinium, all 
disappeared within a few weeks. 


The histological appearance of the exudates is identical in patients who have 
bled and those who have high blood-pressure. It is that of small areas in which 
the nerve fibres have become varicose or necrotic, and where focal oedema has 
occurred. It thus closely resembles that of the focal areas of oedema described 
by Byrom (1954) in the brains of rats with severe hypertension. The most 
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probable proximate cause of these lesions is focal ischaemic anoxia. In patients 
with hypertension this is supposed by some, though without any direct evi- 
dence, to be produced by active constriction of the small vessels of the retina. 
That it may be caused by the narrowing or occlusion of such vessels by organic 
rather than functional changes is an alternative explanation, and one for which 
evidence exists in the demonstration by Verwey (1927) and Friedenwald (1935) 
that hyaline and lipoid changes occur in the arterioles supplying the region of 
the exudates in hypertensive retinopathy. 

If the explanation of the exudates in hypertension is not established beyond 
all doubt, it must be admitted that in patients who have bled it is a matter for 
conjecture. We know that a patient who has rapidly lost large amounts of 
blood, and whose haemoglobin has quickly been restored to levels of between 
60 and 85 per cent., may after several days show lesions in his retina that appear 
to be the result of ischaemic anoxia. This anoxia may be produced by spasm of 
the retinal vessels occurring at the same time as peripheral vasoconstriction ; 
but for this supposition there is no direct evidence and, if such spasm occurs, it 
is clearly not uniformly distributed, since not all our patients noticed changes 
in their vision when they bled. That the exudates may not appear for several 
days after the last episode of peripheral vasoconstriction may mean no more 
than that, as the degree of focal retinal damage may vary, so it may take a 
varying time for the evidence of such damage to appear. Our observations of 
the fundus oculi after haemorrhage have shown that in appearance, evolution, 
and nature the resulting retinal damage is similar to that which occurs in 


patients with malignant hypertension ; but they leave unanswered the question 
whether the mechanism by which the damage is produced is the same, though 
the stimuli which actuate it are so different in the two conditions. 


Summary 


One patient is described who, after massive bleeding from the gastrointestinal 
tract, developed permanent blindness in one eye, succeeded by papilloedema 
and then by optic atrophy. From a review of previous reports of this type of 
incident it is apparent that loss of blood from any source may result in blind- 
ness, either immediately or after an interval extending up to several days. It is 
suggested that, when the loss of vision is delayed, the primary lesions may occur 
not in the retina itself, but in the optic nerve immediately behind the lamina 
cribrosa. 

It is less well known that papilloedema, haemorrhages, and exudates may 
develop in the fundus oculi of patients who have recently sustained massive 
haemorrhage. The appearance of the retinae of such patients may closely 
resemble that found in the malignant phase of hypertension, though the lesions 
tend to be less widespread and severe. Eight such cases are described, in four of 
which detailed observations were made on the relationship between haemo- 
globin and blood-pressure levels and the development of retinopathy. 

These observations cast doubt on the supposition that anaemia is always the. 
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cause of the retinal lesions, and suggest that in some cases the retinal changes 
may occur as a consequence of profound, though transient, reduction in the 
blood-pressure. A remarkable and puzzling feature of this relationship is the 
interval that has been clearly demonstrated between the circulatory changes 
and those in the retina. 

The close similarity between the retinal lesions seen in the malignant phase of 
hypertension and those which occur after gastrointestinal haemorrhage suggests 
that they may have a common pathogenesis. This is most probably focal 
anoxia of the retina, though how this is produced is far from clear. 
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Fic. 9. Hypertensive neuroretinopathy 
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MACROGLOBULINAEMIA? 
A Clinical and Pathological Study 


By NICHOLAS H. MARTIN 
(From the Department of Chemical Pathology, St. George’s Hospital, London) 


With Plates 16 to 19 


In 1944 Waldenstrém described two patients whose serum was unusually viscid 
at room temperature and contained large amounts of gamma globulin. Ultra- 
centrifugal analysis of both sera showed that they contained unusually large 
amounts of a globulin having a sedimentation coefficient of between 19 and 
20 Svedberg units, compared with a value for normal gamma globulin of about 
7. The presence in myelomatosis of globulins having unusual sedimentation 
values has been recognized for many years (Kekwick, 1940). But if these two 
patients were suffering from myelomatosis it was of a most unusual form, for 
neither complained of bone pain, no bone lesions were demonstrable on radio- 
graphy, and marrow biopsy showed no significant increase in plasma cells. 
Waldenstrém felt justified in differentiating the condition from myelomatosis. 
Because the cardinal feature was the presence of excessive amounts of globulin 
having an unusually high sedimentation coefficient, and therefore presumably 
high molecular weight, he proposed the name ‘macroglobulinaemia’. 

This condition and the group of proteins characterizing it have aroused con- 
siderable interest, and in the last 15 years about 27 cases, backed by ultra- 
centrifugal data, have been reported. Schulten and Kanzow (1956) reported 
23 other cases which, using the diagnostic criteria suggested by Martin and 
Close (1957), we should not admit. The majority of reports have come from 
America (Wilde and Hitzelberger, 1954 (three cases) ; Mandema, van der Schaaf, 
and Huisman, 1955 (two cases) ; Jim and Steinkamp, 1956 (one case) ; Mackay, 
Eriksen, Motulsky, and Volweiler, 1956 (one case) ; Hanlon, Bayrd, and Kearns, 
1958 (four cases)) and from Europe (Waldenstrém, 1944 (two cases); Bichel, 
Bing, and Harboe, 1950 (one case) ; Tischendorf and Hartmann, 1950 (one case) ; 
Pernis, Wuhrmann, and Wunderly, 1954 (three cases) ; Schaube, 1952 (one case) ; 
Regniers, Wieme, Wunderly, and Burtin, 1956 (one case) ; Schulten and Kanzow 
(1956; seven cases reported ; only one in which the macroglobulins Sy5w17 and 
higher exceeded 10 per cent.) ). Six well-established cases have been reported in 
this country (Macfarlane, Dovey, Slack, and Papastamatis, 1952 (one case) ; 
Ferriman and Anderson, 1956 (one case); Martin and Close, 1957 (four cases)). 

1 Received April 17, 1959. 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960. 
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The majority of reports are of single cases, and it is just possible, from a study 
of the literature, that there may be some reduplication, for these patients live 
many years and present such bizarre symptoms, and such anomalous laboratory 
findings, that they may attract the attention of more than one group of clinicians. 

The diversity of the clinical and histological findings is such that some 
writers (Martin and Close, 1957; Hanlon, Bayrd, and Kearns, 1958) have ques- 
tioned whether the condition should be considered a specific disease. More- 
over, since the serum from normal persons is known to contain proteins with 
high sedimentation coefficients (Eriksen, 1958), it is important to establish a 
concentration below which presence of the heavy component should not be 
regarded as pathognomonic. In view of our limited knowledge of the true origin 
of the macroglobulins, an arbitrary criterion is probably justified as a temporary 
measure. Martin and Close (1957) proposed that 10 per cent. of the serum proteins 
should have a sedimentation value greater than S,5¥16 before a diagnosis 
of essential macroglobulinaemia is considered. Hanlon, Bayrd, and Kearns 
(1958) would prefer to put the level at 5 per cent. The present paper is based on 
material collected from 18 patients and examined by the author during the past 
11 years. Four of these patients have been described already in some detail 
(Martin and Close, 1957). 


Sex and Age Incidence 


Of the 27 patients previously reported and the 14 described here for the 
first time, 26 were male and 15 female. While macroglobulinaemia is more 
common in patients over 50 years old, in one patient, No. 8 of the present 
series, the globulin was identified at the age of 42, and the patient died before 
her 44th birthday ; a second patient, No. 16, in whom the globulin was identified 
at the age of 54, had had recurrent haemoptysis for 16 years. The patient 
described by Macfarlane, Dovey, Slack, and Papastamatis (1952) was first 
diagnosed at the age of 52, but had been suffering from recurrent epistaxis since 
the age of 42. Schaube’s (1952) patient, a woman, was only 32 years old when 
first seen. In Table I, together with the age and sex, the concentration of heavy 
component observed on the first centrifugal analysis is given for each patient. 
In addition, where known, the most striking feature of the patient’s disease at 
the time the analysis was carried out is also given. Because many of these 
patients had been seeking medical advice for varying symptoms for some years 
before the macroglobulin was recognized by ultracentrifugal analysis, the 
approximate duration of ill health before the first analysis is also given. 


Signs and Symptoms 
Weakness, lassitude, and shortness of breath were the symptoms presented by 
the two men originally described by Waldenstriém (1944). Nine of the patients 
examined in the present series spontaneously complained of one or more of 
these symptoms. The majority of patients who have macroglobulinaemia are 
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over 60 years old. At that age a great many persons may begin to feel relatively 
weak and tired. These symptoms, therefore, do not of themselves form a 


striking picture. 
I 
Patients Studied 


Dominant symptom 

Abdominal pain 
Weakness ; 
Oedema and purp’ 
Loss of use fine: haemoptysis 

No data 
Abdominal pain 
Weakness and melaena 
Weakness — blurred vision 
Chronic coug 
Chronic 4 (tubercle bacilli in 

sputum) 

Malnutrition 

No data 

No data 

No data 

No data 
Weakness ; recurrent haemoptysis 
Weakness ; haematuria 
Severe epistaxis 


SRRSSSSES 


TaBLeE II 


Signs and Symptoms 
Patient No. 4 6 e 8 10 11 13 
Symptoms 
Lassitude oe + ee + 
Weakness . + oe 
Breathlessness + oe oe + 
Dyspnoea. 
Chronic cough 
Abdominal 
pain . + 
Epistaxis 
Haemoptysis 
Visual distur- 
bances 


Signs 

Oedema 
Cyanosis + 
Blood in stools 
Blood in urine 
Retinal haemor- 

glandu- 

lar enlarge- 

Splenic en- 

largement +++ an ++ .. 
Liver palpable .. x + + 
Petechiae, pur- 

pura, or skin 


Disturbance of vision. A more remarkable feature, reported in five cases 
(Bichel, Bing, and Harboe, 1950 (one case); Ferriman and Anderson, 1956 (one 


Heavy component 
Patient Age Duration of of serum protein 
No. (years) Sex ill health (%) 
1 61 
2 48 
3 52 
4 62 
5 48 
6 84 
7 78 
8 43 
9 60 
10 70 
ll 53 
12 80 
13 55 
14 62 
15 63 
16 54 
17 66 
18 82 

+ + 

+ + 
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case); Martin and Close, 1957 (one case); Hanlon, Bayrd, and Kearns, 1958 
(two cases)), has been disturbance of vision, ranging from a sudden incident— 
‘everything went black’ (Bichel, Bing, and Harboe, 1950)—through an increas- 
ing ‘mistiness’ (patient No. 8), to a slow deterioration over two years (Ferriman 
and Anderson, 1956). In each of these patients direct examination of the fundi 
showed distended and somewhat tortuous retinal veins, with scattered haemor- 
rhages. These retinal appearances, which are very striking, were seen in five 
patients in the present series. Two of these patients, though they had made no 
complaint, admitted on questioning that they had had transient attacks of 
mistiness of vision. 

Haemorrhagic episodes. Waldenstrém, in his earliest account, stressed the fact 
that haemorrhage from mucosal surfaces was a common feature of the condition. 
1. Epistaxis. Five patients in the present series have had repeated epistaxis 
of such severity as to worry them. Four required transfusion, and one (No. 8) 
bled profusely and repeatedly from the nose and mouth, and died in coma in 
spite of repeated massive transfusions. Epistaxis was one of the earliest com- 
plaints of the patient followed up for over 11 years by Bichel, Bing, and Harboe 
(1950). It is a feature in the histories of five other recorded patients (Macfar- 
lane, Dovey, Slack, and Papastamatis, 1952; Mackay, Eriksen, Motulsky, and 
Volweiler, 1956; Ferriman and Anderson, 1956; Martin and Close, 1957; Han- 
lon, Bayrd, and Kearns, 1958). 2. Recurrent haemoptysis has been a feature of 
two patients reported in the present series, and is mentioned as a feature of the 
second case recorded by Mackay, Eriksen, Motulsky, and Volweiler (1956). 
3. Loss of blood in the stools. In one patient (No. 7) in the present series there 
were persistent small losses of blood in the stools. The third patient recorded 
by Hanlon, Bayrd, and Kearns (1958) had gross melaena. We have not been 
able to make repeated examinations of the stools of all the patients we have 
seen. It may be that this is a more common route for the loss of blood in 
macroglobulinaemia than the recorded cases would suggest. 4. Haematuria. 
One patient in the present series (No. 17) passed bright blood per urethram. 
No incidents of haematuria have been recorded by other authors, and it is 
highly unlikely that such an event would be overlooked. 

Pallor. As might be expected from the record of the initial haemoglobin levels 
in the present series, many patients look pale when first seen. Waldenstrém 
was struck by the pallor of the first patients he described. 

Cyanosis was present in two of the 18 patients recorded here, without obvious 
evidence of cardiac or respiratory failure. There was no associated clubbing of 
the fingers. Macfarlane, Dovey, Slack, and Papastamatis (1952) referred to 
cyanosis of the extremities of their patient. 

Abdominal pain. The splenic enlargement in this condition may be so great 
as to explain the abdominal pain remarked upon by some patients. This was 
certainly so in patient No. 1. In patient No. 7, however, there was no demon- 
strable splenic enlargement, and the loss of weight, repeated attacks of colic, 
and associated melaena in this old man made a neoplasm of the large intestine a 
serious possibility. Explorative laparotomy failed to substantiate that diagnosis. 
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The third patient described by Hanlon, Bayrd, and Kearns (1958), a 76-year- 
old man, had suffered from massive intestinal haemorrhages associated with 
melaena and requiring transfusion. 

Oedema. Four patients in the present series have had demonstrable oedema 
of the legs. 

Neurological symptoms. During the terminal stages of his illness the patient 
followed up by Bichel, Bing, and Harboe (1950), who was then 76, developed 
paresis of the left upper extremity, and then of the left lower extremity, with 
slight spasticity and overactive reflexes. At autopsy perivascular accumulations 
of lymphocytes and reticulo-endothelial cells were observed in the brain. Root 
pains, myelitis, and paraesthesia have been described (Schulten and Kanzow, 
1956). We know of one patient in whom the first disability was the ‘loss of the 
use of his legs’. 

Skin manifestations. Ulcers. In one patient in this series (No. 3) one of the 
most striking features was serpiginous ulcers over the legs, shoulders, and arms, 
having a red granulating base and firm edges. These ulcers continued to break 
down and heal for three years of the period he was under observation. Petechiae 
and purpura. Mackay, Eriksen, Motulsky, and Volweiler (1956) recorded pete- 
chiae in their first patient. Petechiae were observed in patients 2 and 3 of the 
present series. Patient No. 6 had small cutaneous areas of bruising on the arms, 
but not petechiae. 

Reticulo-endothelial hypertrophy. Though generalized lymph-gland enlarge- 
ment has been recorded in three patients, we have seen it only twice in the 
present series. Some degree of splenic enlargement is common (eight out of 
14 cases in this series) and may be a dominating feature. 

The principal clinical features are summarized in Table II. The most striking 
feature, though it is met in less than 50 per cent. of cases, is undoubtedly the 
retinal appearance, which may or may not be associated with gross disturbances 
of vision. Unexplained mucosal haemorrhages, most commonly manifest as 
violent epistaxis or oozing from the mucosal surfaces of the mouth, is the second 
striking feature. Motulsky, Eriksen, Volweiler, and Donohue (1957) stated that 
five out of six patients they had seen had haemorrhagic phenomena. The lassi- 
tude and weakness, which the patient remarks on at each visit, is the third 
feature. Splenic enlargement is present in 50 per cent. of cases, though enlarge- 
ment of lymph-glands may be negligible or absent. The features which usually 
distinguish the syndrome from myelomatosis are the complete absence of pain 
referable to the skeleton and the fact that, though some generalized osteoporosis 
may be seen on X-rays, the characteristic lesions of myelomatosis are not seen 
in the skull or long bones, nor is there any suggestion of vertebral collapse. 

Radiological findings. We have obtained no radiological evidence of skele- 
tal lesions suggestive of myelomatosis in any of the patients examined, 
though Layani, Aschkenasy, and Bengui (1955) described radiological changes 
in the knee of one patient, and Motulsky, Eriksen, Volweiler, and Donohue 
(1957) described one man who had widely scattered lytic lesions. Surgical 
biopsy of one of these lesions showed dense infiltration with plasma cells. 
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Laboratory Findings 


The peripheral haematological findings. Three findings are common in the 
peripheral blood: a moderate to severe anaemia, usually orthochromic and 
normocytic in pattern, an increased erythrocyte sedimentation rate, and a normal 
leucocyte count with a relative lymphocytosis. Abnormal or primitive leuco- 
cytes circulating in the peripheral blood-stream are the exception. Table III, 
which summarizes these data in 12 cases, shows that some patients when 
first diagnosed have not been anaemic, though they subsequently become so. 
The Table also suggests that the white-cell picture is not striking. It is to be 


Taste III 
Peripheral Blood Findings 
Patient No. 1 2 3 4 6 7 8 9 10 11 és «48 
Haemoglobin (g./100 ml.): 
first recorded 135 80 138 70 80 100 80 104 45 90 80 50 
lowest recorded . . - 66 40 865 70 75 8 35 77 40 85 60 50 
White cells (thousands/cu. ‘mm. ) e - 89 80 123 46 80 50 40 80 a< 8&4 66 
Lymphocytes (thousands/cu.mm.)_ . 156 19 48 10 23 18 #13 20 19 20 
Erythrocyte sedimentation rate (Weatergren) 
(20° C, mm./1 hr.) 29 50 166 7% ae oe ae 75 
Bence-Jones protein Nil + Ni WNil + ee on 


* Said to have been found once six months before we saw the patient. 


expected that a condition in which a marked increase in viscosity of the serum 
is common might give unusual values for the erythrocyte sedimentation rate. 
Fourteen of the patients when first diagnosed had a marked increase in erythro- 
cyte sedimentation rate. In two, however, No. 1 and No. 8, theerythrocyte sedi- 
mentation rate diminished as the disease progressed. Indeed, during the last 
months of the life of patient No. 1 it was 0 to 1 mm., compared with an initial 
value of 29 mm., in one hour. This alteration we attributed to the increasingly 
large amounts of the S,>~19 component and the enhanced viscosity of the serum. 
Excessive rouleaux formation is common in the blood of all these patients. 

The circulation time. The ‘arm to tongue’ circulation time, using decholin, 
was tested in patient No. 1 and patient No. 11 under basal conditions. The 
times were 17 and 15 seconds respectively. Times in normal controls under 
similar conditions ranged between 15 and 19 seconds. The serum of both these 
patients showed the characteristic increase in viscosity, though this had no 
apparent effect on the circulation time. 


Biochemical Findings 
The serum protein analyses. Table IV gives the total protein, the electro- 
phoretic analysis, and the ultracentrifugal analysis of the serum of each of the 
18 patients. For simplicity the precise value of the sedimentation coefficient of 
the heavy component has not been given. The range of the values of the heavy 
component is stated at the head of the column. The total serum protein levels, 
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though usually above 8-0 g. per 100 ml., may be within the normal range. We 
have not examined a patient whose serum total proteins were regularly below 
normal limits. Although studies of plasma volume were not made in all cases, 
patients 1 and 3, and possibly patient 18, showed an absolute reduction of serum 
albumin. The albumin/globulin ratio is usually reversed, and on examina- 
tion by free electrophoresis a well-defined peak is commonly seen migrating 
in the region of gamma, globulin (Plate 16, Fig. 3a). Because of the gross asym- 
metry of the molecule and its peculiar solubility properties, analysis by zone 


TaBLe IV 
Serum Protein Analysis 
Ultracentrifuge 
Electrophoresis Ssow 

Patient Total protein at 
No. (g./100 ml.) Albumin « c.4 17-24 
(%) 

10 

10 

20 


20 
20 


9 
20 
15 
25 
30 
46 
31 
25 
37 


26 
15 
25 
15 
37 10 
45 10 20 
32 16615 (36 13 
Insufficient for full analysis 10 
Insufficient for full analysis 20 
Insufficient for full analysis 13 
32 10 14 42 14 
24 10 13 50 10 
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electrophoresis on discontinuous media, such as paper, cellulose, or agar, may 
give anomalous results. Thus on paper the protein often forms a sharp zone 
at the starting boundary, and the appearance sometimes suggests that there 
has been spontaneous precipitation. If such precipitation occurs in free electro- 
phoresis (and it is not common), it can be seen immediately and causes no 
confusion. When the heavy component is 20 per cent. or more of the globulin, 
the appearances of the electrophoretic serum pattern resemble those commonly 
seen in patients with multiple myelomatosis. Below 20 per cent. the electro- 
phoretic appearances may not be so striking. 

The ultracentrifugal analysis of the whole serum uncovers the abnormal 
globulins without possibility of confusion. Such is the mass of the molecule 
that it often moves away from the starting boundary before full rotor speed is 
reached, and five-minute exposures are required if accurate measurements of the 
sedimentation constant are to be made. Minor components of high sedimenta- 
tion value are often seen accompanying the main peak, which is spike-like and 
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reminiscent of fibrinogen, another naturally occurring grossly asymmetric 
molecule (Plate 16, Fig. 3 6, c). 

Total circulating proteins. Plasma-volume studies in patients 1 and 17 sug- 
gested the values for total circulating proteins shown in Table V. 

The water dilution test (Sia test). In 1921 Ray devised a simple method, the 
‘haemolytic test’, to distinguish the blood of patients suffering from severe 
malaria from that of patients suffering from severe visceral Leishmaniasis. Sia 
and Wu (1921) and later Sia (1924), in a detailed study of this test, demonstrated 
that the turbidity observed was due to the excessive amounts of globulin ob- 
served in the serum of these patients. One of the striking peculiarities of sera 


TABLE V 


Total Circulating Protein (g.) 


Patient Patient 
Normal No. 1 No. 17 


Total protein . 220 193 218 
Albumin . ° 130 17 70 
Alpha globulins . 27 15 22 
Beta globulins . 28 19 34 
Gamma globulins 25 132 92 
Seow 19 . ‘ 2-5 91 35 
Residual gamma globulins . . 22-5 41 57 


containing 8 per cent. and more of globulins of S.5¥17 and greater is that, when 
the molar concentration of electrolytes is reduced to 0-01 or lower, a dense 
cloud forms which rapidly sediments. The precipitate can be separated by 
centrifugation, washed with distilled water, and redissolved in 0-15 molar 
saline. We have made a practice of diluting the serum with 20 times its own 
volume of distilled water at 20° C (room temperature), controlling the pH to 
limits of 6-5 to 7-0. We regard a positive result as the formation of a precipitate 
within five minutes of dilution, the precipitate being freely soluble in 0-15 molar 
saline after separation from the diluted serum by centrifugation. These criteria 
correspond to the 4-plus level in Sia’s original description of his test. Of the 
two sera we have had the opportunity of examining from patients suffering 
from visceral Leishmaniasis, one gave the Sia 2-plus reaction, that is, a haziness 
with sediment after 60 minutes, and one gave the Sia 1-plus reaction, which is 
a haziness with no precipitate after 60 minutes’ standing. They would not, 
therefore, have been confused with macroglobulinaemia, although both con- 
tained gross excess of gamma globulin. These lower ranges of the Sia test, as 
originally described, are found when sera are examined with gross excess of 
gamma globulin, of the order of 6 to 8 g. per 100 ml. or from patients suffering 
from multiple myelomatosis, in which electrophoretic analysis shows a gross 
excess of beta globulins, ultracentrifugal analysis revealing the presence of 
globulins having sedimentation values of 8 to 13. Haziness may also be seen on 
dilution of sera rich in cholesterol. The varying opinions of the value of the Sia 
test as a simple screening technique for patients with excess of macroglobulins 
may well have arisen from lack of agreement on the technique of reading the 
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test. With the criteria we have outlined, the serum from all 18 patients was 
positive, and we have never had a false positive. Our criteria are not those Sia 
originally laid down. Had we used his criteria we should have had to admit 
at least four false positives. 

Flocculation tests. The thymol turbidity and thymol flocculation tests were 
carried out on all sera. They gave positive results in every instance. This is in 
contrast to the results on sera from 14 consecutive cases of myelomatosis, in 
which only one serum gave a positive turbidity and flocculation test (Maclagan, 
Martin, and Lunnon, 1952). The formol gel (Harrison, 1957), zinc sulphate 
(Kunkel, 1947), and ammonium sulphate (de la Huerga and Popper, 1950) 
tests were positive, as might be anticipated from the high concentration of 
gamma globulin in the sera. 

The urinary proteins. Eight of the patients passed varying amounts of protein 
resembling albumin in their urine. Two repeatedly passed identifiable amounts 
of protein which behaved in every way like Bence-Jones protein. 


Cellular Pathology 


The limited observations on cellular pathology depend on examination of 
smears from four sternal punctures, two gland biopsies, two liver biopsies, and 
the histological material and protocols of four post-mortem examinations. The 
viscosity of the plasma may make effective marrow sampling by sternal biopsy 
difficult. Satisfactory samples obtained from four patients showed a variable 
picture. In two, Nos. 2 and 9, differential cell counts indicated no excess of 
plasma cells; in No. 9 there were excessive numbers of lymphocytes. The other 
two samples, from patients 10 and 17, showed an increase in plasma cells, 
12 per cent. and 5 per cent. respectively, and aberrant forms were occasionally 
seen (Plate 17, Fig. 4a, 6). Gland biopsies were obtained from patients 11 and 
13; in these cases the normal gland structure was obliterated, and replaced by 
sheets of cells resembling lymphocytes, while numbers of mature plasma cells 
were scattered through the substance of the gland. The appearances suggested 
a lymphosarcoma (Plate 17, Fig. 5). Liver biopsy, obtained in patients 7 and 8, 
showed well-marked periportal infiltration with mononuclear cells, many of 
which stained characteristically by the Unna-Pappenheim technique (Plate 18, 
Fig. 6). Autopsies, obtained in three cases, all confirmed a tentative diagnosis, 
made in life, of a reticulosis. Case 1 was reported as a Hodgkin’s sarcoma 
(Plate 18, Fig. 7); Cases 2 and 4 were reported as ‘lymphoid reticulosis’. The 
predominant feature of the autopsy material from patient No. 8, reported by 
Martin and Close (1957), was the diffuse infiltration of all lymph-glands with 
plasma cells, though, in contradistinction to patients 11 and 12, the normal cell 
architecture had been well preserved. 

Motulsky, Eriksen, Volweiler, and Donohue (1957) described the sternal 
marrow of one patient as containing a preponderance of plasma cells. In the 
bone marrow of this patient at autopsy there was widespread plasma-cell 
infiltration of the parenchymal organs. The general description seems to tally 
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closely with the findings in patient No. 8. The authors reported that the patho- 
logists’ considered opinion was that their patient was suffering from multiple 
myelomatosis. Lennert (1955) also emphasized the diffuse plasma-cell infiltra- 
tion of the tissues in two autopsies of patients who had macroglobulinaemia. 
The cellular pathology in such patients, where it has been available for study, 
appears to range from a diffuse infiltration of an otherwise normal reticulo- 
endothelial system (Motulsky, Eriksen, Volweiler, and Donohue, 1957; Case 8 
of the present series), through a cellular picture resembling a Hodgkin’s reti- 
culosis, to one resembling a lymphosarcoma of low-grade malignancy. 


Isolation and Identification of the Macroglobulin 


Some degree of purification of the macroglobulin in the serum of these patients 
can be achieved by repeated precipitation at diminished salt concentration, of 
the order of 0-01 m, followed by centrifugation and re-solution in 0-15 M saline. 
This method would not separate the small amounts of macroglobulin circulating 
in normal sera, nor the somewhat larger amounts frequently found in the sera 
of patients with hypergammaglobulinaemic hepatitis, or in amyloidosis. For 
these purposes it is necessary to use the cold ethanol procedure advocated by 
Kratochvil and Deutsch (1956), or the cold ether precipitation techniques 
developed by Kekwick and Mackay (1954). Both methods were used during the 
course of the present study, and appeared to give an equally satisfactory end- 
product as judged by electrophoretic analysis. It was observed that whatever 
the technique used, the protein fractions, homogeneous by electrophoretic 
analysis, might still be heterogeneous in the ultracentrifuge. This finding con- 
firmed the observations of Kratochvil and Deutsch (1956), who obtained the 
macroglobulin in a crystalline state by cold ethanol fractionation. This product 
migrated as a single entity between pH 4-6 and 8-6, having a mobility of 
—1-64x 10-* cm.*/volt-!/sec.-1 at pH 8-6, and a heterogeneity constant of 
0:16 10-5 cm.?/volt-"/sec.-!, indicative of a good degree of electrophoretic 
homogeneity. Ultracentrifugal analysis of this product disclosed at least four 
components, the three major components having sedimentation values of 18, 
21, and 26 respectively, and the minor component having a value of 7. 

The macroglobulin demonstrable in the sera of patients 9 and 11 seemed to 
consist of a single peak, and to be almost entirely free of minor components on 
primary analysis. These sera were, therefore, fractionated, and the separated 
macroglobulin examined in greater detail. Electrophoretic analysis showed a 
single component ; sedimentation constants calculated from sedimentation con- 
centration studies gave a value of 18-75 and 18-32 respectively for S°.5w. The 
K values, calculated from the slope of the graph between concentrations of 
0-30 g. and 1-2 g. per 100 ml., were —0-93 x 10-14 and —0-81 x 10-14, compared 
with a value of —0-25x10-!4 for normal gamma globulin (McConnell and 
Martin, 1958) and —1-21 x 10-"* for fibrinogen (Caspary and Kekwick, 1957). 
The intrinsic viscosities of these two samples were 0-28 and 0-26 respectively at 
25-2° C, which may be compared with 0-06 for norma] gamma globulin and 
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0-25 for normal fibrinogen (Edsall, 1947). The solubility curves of the two 
proteins in varying concentrations of sodium chloride were similar to that 
obtained in Case 7, which is shown in Fig. 1, and the sedimentation/concentra- 
tion relationships of both samples are shown in Fig. 2. The relevant data are 
grouped in tabular form in Table VI. 

Gard, Heller, and Malmros (1952), from electron microscope wath of protein 
isolated from a patient, described a spherical molecule of 120 to 180 A diameter. 
This result is at variance with the sedimentation studies of fresh samples in 
solution, unless one accepts that the levelling off of the slope in the concentra- 
tion/sedimentation studies at low concentrations represents a ‘rolling up’ of the 
molecule into a spherical form. 


TaBLe VI 
Globulin from patient 
No. 9 No. 11 
° 18-75 18-32 
K> x "10- “148 ° — 0-93 —0-81 
Intrinsic viscosity . . ° ‘ 0-28 0-26 
Carbohydrate g./100 g. proteint 27-0 6-0 
* — ed from slope between concentrations of 0-3 g. and 1-2 g. protein per 100 ml. 
(Fig. 
t Method of Sorensen and Haugaard (1933) using galactose/mannose standard. 


Immunological studies. Antisera to the purified macroglobulins from patients 
7 and 11 were produced in rabbits by subcutaneous injections with Freund’s 
adjuvant. At the same time, and in the same manner, antisera were prepared 
to the whole serum of patients suffering from macroglobulinaemia, the whole 
serum of patients suffering from myelomatosis, and the whole serum from nor- 
mal persons. The detailed results of these studies will be reported elsewhere, 
but Fig. 8 (Plate 19) shows the characteristic immunochemical behaviour of 
the serum from patient No. 17 examined by Scheidegger’s (1955) modification 
of the technique of Grabar and Williams (1953). The short double flexed line 
labelled B,M, and B,M, in the key is regularly present in all sera containing 
more than 3 per cent. of macroglobulin when tested by this technique, though 
the relative intensity of the two components may vary. The nomenclature 
adopted is that. of Grabar (1958), the line appearing to tally with his B, macro- 
globulin. It would be reasonable to assume from the nature of the line that the 
macroglobulins exist in at least two forms. The studies of Kratochvil and 
Deutsch (1956) and Deutsch and Morton (1957), and our own work on the 
reversible dissociation of the molecule, support this assumption. So far, all 
efforts to identify the reactive groups of the molecule responsible for the indivi- 
dual zones of precipitation have failed. No regular difference in response to the 
antibodies prepared has been observed between macroglobulins obtained from 
the concentration of normal serum and those isolated from individual patients. 

In Table VII the bound carbohydrate/protein ratios of six samples analysed 
are compared with those found in globulins isolated from myelomatosis. Miiller 
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Concentration of protein in solution 
(g/100 mi at 20°C, pH 7:0) 
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Fia. 1. Solubility behaviour of the macroglobulin isolated in Case 7. 
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Fia. 2. Sedimentation/concentration relationships of the 
macroglobulin isolated in Case 9 and in Case 11. 
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Eberhardt and Kunkel (1956) have pointed out that the macroglobulins are rich 
in carbohydrate compared with normal gamma globulin. While we agree that 
this is often true, the over-all picture seems to be one of a gradation from a value 
little above normal to values as much as 10 times the normal. The carbohydrate 
content of a macroglobulin concentrate from normal serum gave a value of 
4-7 g. carbohydrate per 100g. protein, using a nitrogen factor of 6-25. Chromato- 
graphic analysis suggests that the principal carbohydrate constituents are 
galactose and mannose, with traces of fucose. 


VII 


Bound Carbohydrate/Protein Ratios of Abnormal Globulins Isolated from 
Serum in Myelomatosis and in Macroglobulinaemia 
Sedimentation coefficient 


Normal Myelomatosis Macroglobulinaemi 
S° S° S° 7-22 
g. Carbohydrate/100 g. protein 


0-7 (15) 
0-9 (12) 
48 (2) 
6-0 (11) 
6-0 (17) 
27-0 (9) 
Numbers in parentheses refer to Case numbers inthe present series. 


Constituent amino acids. Figures for aminoacid analysis showed no remark- 
able differences from gamma globulins isolated from normal people. Moore and 
Stein (1951) and Agren (1952) have published detailed analyses. The values for 
methionine are of the same order as those found in normal gamma globulin. 

Dissociation of the macroglobulin. In the presence of 0-1 m cysteine, at pH 7-4, 
the isolated macroglobulin S, 5718 to 32 dissociates into units of Syyw7. We 
have observed a similar dissociation pattern in 3 M urea. Oxidative procedures 
result in reassociation of the molecule, though the reassociated product does not 
resemble the original macroglobulin in its sedimentation behaviour. In brief, 
comparison of the macroglobulins with the majority of the gamma globulin 
family shows them to be much larger, grossly asymmetric, and generally richer 
in carbohydrate. In the presence of cysteine.and urea, which reduce —S—S— 
groups and break hydrogen bonds respectively at pH 7-0 to 7-5, the large com- 
plex breaks into smaller units. The aminoacid composition is not strikingly 
different from that of normal gamma globulin. The end-groups aspartic and 
glutamic do not differ from those found in normal gamma globulin. 


Di ‘ 

Deutsch, Alberty, Gosting, and Williams (1946) made a detailed study of the 
globulin concentrates prepared from normal serum by the Cohn technique, and 
demonstrated that the gamma globulins in these concentrates contained appre- 
ciable amounts of protein having sedimentation values ranging from 8 to 12 and 
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up to 20. It is possible that the manipulations involved in producing these 
concentrates resulted in aggregation of some of the species of smaller mass, and 
that the larger units identified were not all naturally occurring proteins. Wal- 
lenius, Trautman, Kunkel, and Franklin (1957), however, using a preparative 
electrophoretic technique, made a careful ultracentrifugal study of the major 
non-lipid components of normal serum. They demonstrated small amounts of 
an § 12 component migrating with the slower alpha, globulins, and appreciable 
amounts of an § 19 component migrating with the alpha, and the gamma 
globulins. Kekwick (1958), by an entirely different procedure involving ether 
fractionation, has also established the fact that the ‘heavy component’ of the 
serum globulins shows two principal peaks on electrophoretic analysis, the one 
an alpha, globulin and the other a gamma, globulin. The relative proportions 
of the two macroglobulins in the healthy adult is not known with certainty, 
nor whether these proportions alter with varying states of health. Their total 
concentration rarely rises above 3 per cent. of the total circulating proteins in 
normal sera, and more often lies between 1 and 2 per cent. (Eriksen, 1958). 
This implies that the normal circulating mass of macroglobulin is of the order 
of 2 to 5 g., or 2 mg. per ml. of serum, an amount which should be readily 
detectable by immunochemical techniques. Using these techniques, we have 
been able to demonstrate the macroglobulins directly in many, but not all, 
samples of fresh normal serum and, while our failures may be a reflection of our 
lack of technical skill, we have wondered whether they may not indicate fluctua- 
tions in the normal levels of the circulating macroglobulins. In further studies 
of patients suffering from chronic hepatitis with gross overproduction of globu- 
lin (Martin and Davies, 1955) we have been able to demonstrate the presence 
of excess of macroglobulin both by immunochemical and ultracentrifugal tech- 
niques, as well as in occasional patients suffering from extensive amyloidosis 
associated with chronic infection. Braunsteiner, Oswald, Pakesche, and Reiner 
(1956) have made similar observations. Though the concentrations of circulat- 
ing macroglobulins in these conditions do not approach those seen in the present 
series of patients, Willi, Koller, and Raaflaub (1954) have reported a patient 
with congenital syphilis whose serum contained 14 per cent. of a protein with 
a sedimentation coefficient of 20. These demonstrations of macroglobulins in 
the serum of normal persons, and of patients with liver damage, syphilis, and 
chronic infections, suggest that the identification of such proteins is not of itself 
a justification for a new nosology. 

The clinical picture likewise, with the exception of the visual symptoms and 
retinal appearances, is not distinctive, and the histopathological picture, in so 
far as it has been reported, ranges from a pattern indistinguishable from myelo- 
matosis to one resembling the reticuloses and the reticulo- or lymphosarcomata 
of low-grade malignancy. The rapid advances in biochemistry limit the extent 
to which it may be possible to attach a constant recognizable histopathology to 
a new disease. But the diversity of histopathological findings associated with 
gross macroglobulinaemia makes it questionable whether there is any justifica- 
tion for continuing to regard it as a specific disease. 
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The relation to ‘myelomatosis’ and ‘plasmacytoma’. In the last five years we 
have had the opportunity of examining in some detail 45 patients suffering 
from ‘myelomatosis’. Ten of these patients had an appreciable excess of globu- 
lins whose sedimentation coefficients lay between 8 and 14 compared with the 
value for the major portion of the normal circulating gamma globulin, which is 
less than 7 (Cann, 1953). In the total series of more than 90 patients suffering 
from ‘myelomatosis’, one patient was followed up for more than three years 
before she developed any symptoms of pain or showed any radiological changes 
in the skeleton (Martin and Baker, 1959). All that time there were gross 
abnormalities of her serum proteins suggestive of myelomatosis. Within a 
year of her death she first began to complain of bone pain, and the radiological 
appearances shortly after this suggested myelomatous involvement. The strik- 
ing features of the autopsy were the widespread extramedullary plasma-cell 
deposits and the pleomorphism of some of these deposits, more especially in the 
spleen. Had this patient had demonstrable excess of $20 globulins when we first 
saw her, we should undoubtedly have considered a diagnosis of macroglobulin- 
aemia in its early phases, and for the next three years should have had no 
cause to alter our opinion. Motulsky, Eriksen, Volweiler, and Donohue (1957), 
reporting a group of six patients of ‘the classic Waldenstrém type’, described 
one in whom the histopathological appearances were those of myelomatosis. 
It is evident, therefore, that in clinical and histopathological pictures there can 
be confusion, and it seems reasonable, as Motulsky and his colleagues suggested, 
to visualize a continuous spectrum of ‘abnormal’ proteins up to, and including, 
those described by Waldenstrém, associated with plasma-cell proliferation. It 
has been objected that the survival time of patients suffering from ‘macro- 
globulinaemia’ differentiates them from those suffering from myelomatosis. 
But we have seen two patients who survived 10 years with myelomatosis, and 
no patients who have survived longer than six years after an excess of macro- 
globulins had been demonstrated in their blood. Moreover, if we consider the 
rare group of purely extramedullary plasmacytomata, Nelson and Lyons 
(1957) have reported one patient who survived 25 years, in whom the electro- 
phoretic pattern of the serum proteins resembled that commonly seen in the 
diffuse intramedullary plasmacytosis. 

The relation to the reticuloses. In the last five years the histological records of 
the Pathology Department of St. George’s Hospital record 68 patients who have 
suffered from neoplastic conditions of the reticulo-endothelial system, if under 
this heading we include Hodgkin’s disease and related hyperplastic states. We 
have examined the serum proteins of 14 of these patients in some detail. 
Seven showed no striking abnormality of the serum proteins, either by classical 
electrophoresis or in the ultracentrifuge ; four showed the presence of abnormal 
amounts of globulins with S.o, greater than 17 by ultracentrifugal analysis. Of 
these four, three showed an increase of gamma globulin, and one of alpha, 
globulin, by classical electrophoretic analysis. Macroglobulins were extracted 
in cold saline from macerated tumour tissue of one of these patients. Immuno- 
chemical analyses of the serum from a fifth patient suggested the presence of 
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macroglobulins, though these were not demonstrable by ultracentrifugal ana- 
lysis. The ultracentrifugal analysis of the serum of two other patients indicated 
a gross excess of globulin with a sedimentation coefficient of about 7, but no 
excess of any globulin with a higher sedimentation value. 

Mention has already been made of the immunochemical and ultracentrifugal 
demonstration of globulins of the S20 group in amounts greater than normal, 
both in the hyperglobulinaemia of hepatitis and occasionally in amyloidosis. 
Its occurrence in these conditions is not a regular feature, any more than it is in 
the neoplasias of the reticulo-endothelial system. 

The relation to other gamma glomulins. There are more interesting considera- 
tions which the demonstration of these naturally occurring huge protein units 
raise. In two patients in the present series, No. 1 and No. 17, plasma-volume 
studies were carried out and the total circulating macroglobulin computed 
(Table V). At the same time the total circulating gamma globulin was cal- 
culated, and the circulating macroglobulin subtracted from it. This was done 
because, while we had electrophoretic evidence to show that the excess of 
macroglobulin was concentrated in the gamma region and not in the alpha, 
region, the other area in which macroglobulins are known to occur normally, it 
would have been wrong to assume that the S7 component, on ultracentrifugal 
analysis, was all gamma, globulin. The total gamma globulin in patient No. 1 
was 132 g., of which 91 g. was macroglobulin. In patient No. 17 the total gamma 
globulin was 92 g., of which the total macroglobulin was 35 g. The normal 
circulating gamma globulin is of the order of 25 g., and of macroglobulin 2-5 g. 
It is evident that there is no deficiency in the production of the gamma globulins 
of normal mass, as has been suggested in myelomatosis. Indeed, though the 
circulating macroglobulin has increased more than tenfold, the production of 
circulating normal gamma globulin has been doubled. The physicochemical 
studies of Martin (1947) and the fragmentary immunochemical studies quoted 
here, support the idea that these abnormal globulins are present in the cells, 
and are not the results of extracellular aggregation. The in vitro studies 
demonstrate that even at physiological pH the dissociation of these large 
molecular units is effected very simply by rupture of —S—S— bonds or of the 
hydrogen bond. It seems reasonable to suppose that it is this stage in the 
elaboration of the normal balance in the proportion of the circulating gamma 
globulins that is interfered with. Attempts to develop effective therapy based 
on this idea have failed so far; for, while the patients have felt some transient 
improvement, we have no objective data to substantiate their impressions. 
The failure of therapeutic measures based on the intravenous infusion of non- 
toxic substances calculated to break —S—S— links or hydrogen bonds may 
be due to our inability to reach effective intravascular concentrations, or to 
the failure of these substances to penetrate the outer membrane of the affected 
cells. 

The specificity of macroglobulins. Our experience has been that, whatever 
the cytological picture in patients with macroglobulinaemia, wherever reticulo- 
endothelial cells or their derivatives are congregated there is an appreciable 
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increase in cells whose cytoplasm stains positively by the methyl-green pyronine 
technique. If we assume that the reaction is indicative of an increase in 
ribonucleic acid, this implies no more than an increase in protein-synthetic 
activity. On the assembled evidence it seems profitable to regard the pro- 
duction of excess of macroglobulin as an organic manifestation of a variety of 
conditions, rather than attempt to define a disease on this basis. One may 
regard the deposition of amyloid as a useful analogy. As more is learned of the 
characteristics and origins of this substance, histopathologists are increasingly 
disinclined to describe amyloidosis as a disease sui generis. Using the analogy, 
there is no need to erect artificial biological criteria dependent on physico- 
chemical measurements of the abnormal protein, nor need too much time be 
wasted on what, on close inspection, are quite slender points of clinical dif- 
ferentiation from established groups of diseases. 

The globulins described in these studies are confined to the gamma, group 
originally described by Deutsch, Alberty, Gosting, and Williams (1946), and to 
species allied to it. In considering biological systems there is no reason to sup- 
pose that biologically related units need be confined to one group of a physico- 
chemical classification. Indeed, when the dissociated fragments of these gamma 
globulins are reassociated, the new macroglobulins have different sedimentation 
behaviour from the original macroglobulins (Isliker, 1958). As Houghton and 
Martin (1958) have shown, it is a simple matter to alter the physicochemical 
properties of a molecular species without destroying some, at least, of its bio- 
logical properties. In further studies of these large molecules it might be useful 


to regard the body plasma as a ‘tissue’, albeit a specialized tissue, having many 
structural components in common with the cell cytoplasm but present in 
differing ratios. If this is true, the study of the protein constituents of this 
‘mobile’ tissue might give us very helpful ideas about the molecular units and 
their relationships in the cell cytoplasm in disease, for it is much easier to handle 
the plasma proteins without disfiguring them than it is the individual proteins 
of the cell cytoplasm. 
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Summary 


1. Clinical and pathological data are presented from 18 patients whose sera 
contained excessive amounts of globulins having a sedimentation coefficient 
greater than 17. 
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2. The physicochemical characteristics of the isolated macroglobulins are 
described. 

3. The diverse nature of the lesions associated with the presence of macro- 
globulins is stressed, and it is suggested that the ultracentrifugal demonstration 
of the presence of circulating macroglobulins, since they are present in normal 
serum and since excess may be demonstrated in a variety of diseases, does not 
justify a new nosology. 
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4 anomaly 


Fic. 3a. Electrophoretic analysis of the serum of patient No. 7 carried out at 0° C. and a potential 
gradient of 6 v/em., on a | per cent. solution of fresh serum in phosphate buffer pH 8-0, I = 0-2, 
The picture is of an untouched photograph of the Schlieren pattern of the ascending limb after 
three hours’ migration. The migration was from right to left, the albumin being represented by 
the sharp peak on the extreme left, and the delta anomaly by the low peak on the right. 
The gamma, globulin can be seen lying between the anomaly and the grossly elevated peak of 
the gamma, globulin 


A 
macroglobulin 


Fic. 36. Ultracentrifugal analysis of the serum from patient No. 8. 


The analysis was of a | g./100 ml. sample of serum in a solution of phosphate buffer pH 8-0, 


I = 0-2 in 0-15 mM sodium chloride. The picture is of an untouched photograph of the Schlieren 
pattern 30 minutes after the rotor had attained full speed (equivalent to 250,000 g.). 

The movement is from left to right, and the heterogeneous macroglobulin may be seen to the 
right of the photograph, represented by a slender peak closely followed by a smaller rounded peak 


A 
macroglobulin 


Fic. 3c. Ultracentrifugal analysis of the serum from patient No. 11. The conditions are similar to 
3b; the photograph is at 30 minutes. The macroglobulin is seen on the right, migrating as one 
slender peak 
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Fic. 4a. Sternal marrow from patient No. 10, Fic. 46. Sternal marrow from patient No. 9, 
showing plasma-cell infiltration. 300 showing lymphocytic infiltration, x 300 


Fic. 5. Lymph-gland from patient No. 11. (Haematoxylin and eosin, x 400) 
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Fic. 6. Liver biopsy from patient No. 7, showing small round cell infiltration 
of the liver substance. (Haematoxylin and eosin, « 115) 


Fic. 7. Spleen from patient No. 1. (Haematoxylin and eosin, x 175) 
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Fic. 8. Direct photograph of agar plate. Immunoelectrophoretic analysis at pH 8-4, in yiycine 

buffer 0-5 m, developed with antisera prepared in rabbits by the technique of Freund against the 

serum proteins of patient No. 7. 

A. Material analysed: (i) serum from patient No. 17; (ii) normal serum. Gamma globulin to right, 
albumin to left. The double flexed B,M, and B,M, is seen extending under the anterior portion 
of the ‘gamma globulin complex’ in (i); it cannot be seen in (ii). 

B. Material analysed: macroglobulin precipitate from patient No. 17 against antisera prepared 
from (i) patient No. 7; (ii) patient No. 11. 


Line drawing of agar plate 
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STUDIES ON THE PATHOGENESIS OF HAEMOLYSIS IN 
HEREDITARY SPHEROCYTOSIS! 


By T. A. J. PRANKERD 
(From the Medical Unit, University College Hospital Medical School, London) 


Tue mechanism of haemolysis in hereditary spherocytosis is usually attributed 
to the abnormal thickness of the red cells, which might lead to their trapping 
and destruction in the spleen. The importance of the spleen is undoubted, 
because its removal results in cessation of haemolysis with no change in the 
structure or chemistry of the red cells. Trapping of red cells in the spleen would 
be a reasonable explanation of their destruction, provided they remain there 
after entry ; but since destruction in this condition is random, and the mean cell- 
life usually of the order of 15 to 20 days, cells probably enter the spleen many 
times before their destruction, so that some selective process other than cell 
thickness must be determining destruction in the spleen. Furthermore, fresh 
cells from some patients are not increased in thickness, yet these patients have 
evidence of a rapid haemolytic process. These anomalies require explanation. 
The presence of a metabolic defect in hereditary spherocytic red ceils is now 
widely accepted (Prankerd, Altman, and Young, 1954, 1955; Motulsky, Gabrio, 
Brockhardt, and Finch, 1955); the cells show a defect in phosphorylation of 
adenosine triphosphate, with increased uptake of radioactive phosphorus into 
their pool of inorganic phosphorus. The former authors have suggested that this 
defect may contribute to the destruction of red cells in the spleen. Certain 
changes undergone by red cells during continuous incubation in their own 
plasma have been investigated by Selwyn and Dacie (1954) and Young, Izzo, 
Altman, and Swisher (1956); as a result of these investigations it has been 
suggested that the changes in vitro may parallel those of red cells trapped in the 
spleen. The conception that red cells are exposed to ‘metabolic stress’ when 
packed in the spleen has thus arisen (Young, 1955). This belief requires further 
evidence to prove or disprove it, and the work reported in the present paper was 
designed towards this purpose. 


Methods 


All the patients studied showed spherocytosis of fresh or incubated blood, 
had family histories compatible with a disorder transmitted by a dominant gene, 
and were from families of which one or more had been ‘cured’ by splenectomy. 


1 Received May 28, 1959. 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960. 
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The red cells of all patients showed the metabolic defect described previously 
(Prankerd, Altman, and Young, 1954). Blood examination and fragility 
measurements were made by standard methods. Fragility was measured in 
saline buffered to pH 7-6. The chemical methods employed have been fully 
described elsewhere (Prankerd and Altman, 1954; Prankerd, Altman, and 
Young, 1955; Harris, Prankerd, and Westerman, 1957). The methods of label- 
ling red cells with “Cr and subsequent counting have not varied from those 
previously described (Joske, McAlister, and Prankerd, 1956; Harris, McAlister, 
and Prankerd, 1957). In transfusion studies healthy compatible recipients have 
been used where indicated. 


TaB_eE I 


Changes in Phosphate Esters and Cations on Incubation of HS and Normal Red 
Cells Without Substrate for Three Hours 


Diphospho- Inorganic Adenosine 
Cells glycerate Sa triphosphate Volume Na+K 


HS (A.G.) . —88 +150 —90 
(V.F.S.) . ‘ ° —76 +200 —95 
+140 —95 
(K.M.) . —80 +100 —87 
. « +140 —92 

From 5 normal subjects. —65 + 94 —72 

Standard error. ‘ +4 + 6 + 6 


Numbers represent percentage change. 


Results 


Significance of metabolic defect. In order to test the ability of spherocytes to 
withstand ‘metabolic stress’, cells were incubated for three hours in glucose-free 
bicarbonate buffer (Harris and Prankerd, 1953). The cells were first washed 
three times with isotonic saline, and phosphate ester composition, cell electro- 
lytes, and cell volume estimated before and after incubation. The results 
obtained are shown in Table I. Hereditary spherocytic (HS) cells swell more 
than normal cells, gain more total cation, and, of their phosphate esters, 
2, 3-diphosphoglycerate and adenosine triphosphate break down more rapidly 
than normal. To assess the ability of cells treated in this way to recover their 
normal metabolic state, they were washed and resuspended in buffer containing 
glucose (0-28 m) and then reincubated for a further hour. After this time their 
phosphate ester content was re-examined, and the results are presented in 
Table II. The degree of recovery is less complete in HS cells than in normal 
cells, and in either case is not complete in one hour. 

From their data showing shrinkage of normal and HS cells after incubation 
between 24 and 48 hours, Selwyn and Dacie (1954) have suggested that there is 
a degeneration in the cell membrane during this period of time. A repetition of 
their experiments, but in this case with estimation of cell lipid and phosphate 
esters before and after 24 and 48 hours’ incubation of cells in their own plasma, 
but without added glucose, is shown in Table III. Both normal and HS cells 
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lose some of their lipids during this period of incubation, and the loss is greater 
in HS cells. In both types of cells phosphate esters have almost totally dis- 
appeared after 24 hours. On reincubation with glucose neither of these categories 
of cell is able to metabolize. Between 24 and 48 hours little further breakdown 
of phosphate esters occurs, but orthophosphate escapes from the cells. No 
evidence was found to suggest that HS cells are naturally deficient in cholesterol 
or phospholipid, as has been suggested by Crosby (1952). 


II 


Changes in HS and Normal Red-Cell Phosphate Esters after Incubation Without 
Substrate for Three Hours and Reincubation for One Hour with Giusees 
Diphospho- 


—45 

—30 

—60 

—40 

—30 

From 5 normal subjects . —60 
Standard error . ° +10 


Numbers represent percentage change. 


TaBLeE IIT 


Phosphate Ester and Lipid Content of Normal and HS Red Cells Before and After 
Incubation for 24 and 48 Hours Without Added Glucose 


Diphospho- Adenosine Inorganic 
glycerate Cholesterol 
24 48 24 48 
Cella hrs. hrs. > 


HS(A.G.)  —100 —100 -10 —55 
(V.F.S.) —100 —100 0 —42 
(R.L.S.) —100 —100 —52 

From 1 -—90 —100 +325 0 —27 
normal 2 —95 —100 +300 
subjects 3 —95 —100 +350 +1 —33 


Numbers represent percentage change. 


Significance of spherocytosis. To try to assess the significance of spherocytosis 
in cell destruction, the following experiments were made. The cells of one 
patient (R.L.S.), whose cells showed no increase in fragility when fresh, but an 
abnormal increase after 24 hours’ incubation (Fig. 1), were labelled with ™Cr. 
After labelling they were injected into a healthy recipient, and their survival in 
the circulation and their uptake by the spleen were measured. The observations 
were compared with those obtained in another subject after injection of cells from 
a different patient (A.G.), whose fresh cells showed typical increased fragility 
(Figs. 2a, 26). It has thus been possible to compare the splenic sequestration and 
survival of spherocytic and non-spherocytic cells, both with the same metabolic 
abnormality. The slow progressive rise in splenic counts over the first hour after 
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Fresh 
control cells 
(Normal limits) 


o—e Fresh 
HS cells 


Incubated 
control cells 


incubated 
HS cells 


% 
HAEMOLYSIS 


0-51 0-60 0-6 78 7 

CONCENTRATION of NaCl 

Fic. 1. Osmotic fragility of HS cells (R.L.S.) and normal cells before and after 24 hours’ 
incubation. 


51 Cr 


in 
SPLEEN 
(Fraction 
of "Cr 
injected) 


MINUTES DAYS 
Splenic counts 4—aBlood counts Normal survival curve 


Fic. 2a. Splenic and blood radioactivities after injection of “Cr-labelled (non-spherocytic) 
HS cells (R.L.S.) into a normal subject. 
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Fic. 2b. Splenic and blood radioactivities after injection of *'Cr-labelled (spherocytic) HS 
cells (A.G.) into a normal subject. 
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transfusion (Fig. 2 6) is taken to indicate delayed passage through the spleen, 
and has been observed and commented on previously (Harris, McAlister, and 
Prankerd, 1957). Subsequent daily changes in splenic a- blood radioactivity 
indicated that the cells were destroyed in the spleen. The r half-time survival 
in the circulation was 10 days. The non-spherocytic cells showed no initial delay 
in passage through the spleen, but were subsequently destroyed almost as rapidly 
(t} Cr = 11 days) as the spherocytic cells. The survival of red cells in the 
patients themselves is discussed later. 


Fresh 
_| control cells 
(Normal limits ) 


‘h 
HAMOLYSIS Heated cells 


HS cells 
078 0-87 


0:33 0-51 0-60 0-69 
CONCENTRATION of NaCl 
Fic. 3. Osmotic fragility of HS (V.F.S.) and heated red cells. 


in 
SPLEEN 


(Fraction 
of 
injected) 


1 
20 40 60 80 2 & 6 
MINUTES DAYS 
Splenic counts Blood counts 
o— Heated cells -------- 
o—o HS cells --- 
Fig. 4. Splenic and blood radioactivities after injection of *Cr-labelled heated and HS 
cells (V.F.S.) into two normal subjects. 


In an attempt to decide further about the importance of spherocytosis in red- 
cell destruction in this disease, spherocytes were made artificially by heating 
normal cells (Harris, McAlister, and Prankerd, 1957). Spherocytes made in this 
way were tested for metabolic activity, after cooling, by observing their glucose 
consumption and the **P partition among their phosphate esters, and were found 
to react normally by these tests. By trial and error it was possible to make 
spherocytes with fragility curves comparable with those of natural spherocytes 
(Fig. 3), and when this had been done the survivals of the two sorts of 
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TaBie IV 
Total Red-Cell Content of Spleens Removed at Operation 
Red-cell volume 
Weight of spleen 
(g-) (ml.) (ml./g. of spleen) 


Hereditary spherocytosis (A.G.) 350 54 
” ” (V.F.S.) 295 63 


” ” (8S.D.) . 150 64 
Hodgkin’s disease . 


275 26 


Glucose Content of Blood from the Splenic Artery, Splenic Vein, and Cut Surface 
of the Spleen of HS Patients undergoing Splenectomy 
Artery Vein Spleen 
.G. 125 108 46 
V.F‘S. 106 104 67 
8.D. 124 95 49 
(mg. per 100 ml. of blood) 


TaBLE VI 
Total Cation Content, Phosphate Esters, and Lipids of Cells obtained from the 
Splenic Artery, Splenic Vein, and Cut Surface of the Spleen of Patients undergoing 
Splenectomy 
Artery Spleen 


PHOSPHATE ESTERS 
(yg. P per mi. cells) 


Hodgkin’s disease 
HS (A.G.) 
(V.F.S.) 
(S.D.) 


ts Adenosine 
© triphosphate 


Inorganic P 
ZS Inorganic P 
4 


Lirip 

(mg. per ml. cells) 

HS (A.G.) 
(V.F.S.) 


Cholesterol 
- Cholesterol 


Lipid P 


CaTIONS 
(m-equiv. per litre cells) Ja+K 
Hodgkin’s disease. ‘ 130 


HS (A.G.). 138 
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spherocytic cells, with and without abnormal metabolism, were compared (Fig. 4). 
The results are interesting in that, although the two normal recipients showed 
similar equilibration curves of radioactivity over their spleens, the subsequent 
daily accumulation of radioactivity and the rate of its decline from the circula- 
tion were both reduced, but much less so in the case of artificial spherocytes. 
Significance of the spleen. The splenic red-cell volume has been estimated in 
some of the patients who have had splenectomy. This was done by injecting the 
patient’s "Cr-labelled cells into the splenic artery at the time of operation, the 
splenic veins and artery being clamped and ligatured afterwards. By counting 
a weighed section of spleen, the total splenic red-cell content could be calculated. 
The results are shown in Table IV, where a comparison can be made between the 
red-cell content of spleens of similar weight removed from patients with 


VII 


Survival Time of Red Cells from HS Patients after Transfusion into the Patients 
and into Compatible Recipients 
t} "Cr survival in days 
In patient In normal subject 
A.G. 8 10 


R.L.S. 7 10-5 
8.D. 9-5 14 


hereditary spherocytosis and patients with Hodgkin’s disease. The great 
increase in red-cell content is remarkable, and confirms the fact that haemo- 
concentration occurs in the spleen in hereditary spherocytosis. Other data (Motul- 
sky, Cassard, Giblett, Brown, and Finch, 1958) suggest a red-cell content of 
only about 20 ml. in normal spleens. An attempt was also made to determine 
the chemical changes undergone by HS red cells in the spleen, and some data 
about their chemical environment. Red cells separated from the spienic artery 
and vein, and from the cut surface of the freshly excised spleen, were analysed 
for total cation content, phosphate esters, and lipids, and the blood for glucose 
content. The results are shown in Tables V and VI. Although the glucose 
content of the splenic blood was reduced in comparison with that of the artery 
and vein, the chemical changes in the cells were surprisingly small, apart from 
a slight increase in total cation content. 

The results of red-cell survival studies in three HS patients in whom cells were 
labelled, and simultaneously followed after transfusion both into the patient 
and into a healthy recipient with a normal-sized spleen, are interesting in that 
they suggest a more than passive role of this organ in haemolysis. In two 
patients the survival times of cells after autotransfusion were shorter than after 
transfusion into subjects with normal spleens, while in the third there was little 
difference (Tabie VII). A further point of interest, which is apparent in Figs. 2 a4 
and 4, is that the amounts of radioactivity detected in the spleens of normal 
recipients given spherocytic cells are less than the amounts disappearing from 
the peripheral blood, a finding which suggests that some destruction of red cells 
may be extrasplenic. 


T. A. J. PRANKERD 


Discussion 

Opinion about the pathogenesis of haemolysis in hereditary spherocytosis has 
oscillated since Wilson and Stanley (1893) first suggested that the site of 
haemolysis was in the spleen. Current views mainly attribute the destruction 
of red cells to their spherocytic shape, and there is adequate evidence to show 
that spherocytic cells are sequestered in the spleen (Young, Platzer, Ervin, and 
Izzo, 1951; Jandl, Greenberg, Yonemoto, and Castle, 1956; Harris, McAlister, 
and Prankerd, 1957). Such an explanation will not account for haemolysis in 
patients whose fresh cells show no increase in osmotic fragility, and the results 
of cross-transfusion experiments reported here clearly show that these cells are 
not initially sequestered in the spleen, although subsequently they are destroyed 
there at a rate similar to that of spherocytic cells. The ultimate survival in the 
circulation is approximately the same for both sorts of cells. Spherocytosis 
cannot therefore be the prime factor in red-cell destruction in such cases. 
Furthermore, artificially made spherocytes with normal metabolism appear to 
have a better survival than naturally occurring spherocytes with equal thickness 
but abnormal metabolism, and, although the initial delay in circulation through 
the spleen is the same in both instances, it appears that the artificial spherocytes 
escape from the spleen and recirculate in greater numbers. Since the only differ- 
ence between these types of cell lies in their metabolism, these observations 
point to the prime importance of this metabolic defect of HS cells in determining 
their early destruction. 

The metabolic changes undergone by any red cells in the spleen are obscure, 
and investigation of red cells obtained from spleens removed at operation do 
not show any significant changes other than a slightly greater sodium and 
smaller potassium content in the splenic cells. It is well known that normal red 
cells undergo an increase in their osmotic fragility during stagnation in the spleen 
(Emerson, Shen, Ham, Fleming, and Castle, 1956); this and their abnormal 
gain in electrolytes are changes which one would expect to result from metabolic 
degeneration, and it has been suggested that the changes may be similar to those 
observed on prolonged incubation of hereditary spherocytic cells in vitro, or 
under conditions of diminished glucose supply (Selwyn and Dacie, 1954; Young, 
1955; Young, Izzo, Altman, and Swisher, 1956). The changes observed in these 
circumstances are swelling and increase in total cation content, but ultimately the 
cells shrink, after a complete breakdown of phosphate esters, and this shrinkage 
is associated with a loss of lipids. Haemolysis begins before the cell shrinkage 
occurs (Selwyn and Dacie, 1954), and is therefore partly associated with ex- 
cessive cell swelling. All these changes appear to be exaggerated in hereditary 
spherocytic cells, and their inability to maintain their phosphate esters in the 
face of a depleted substrate supply may determine their destruction in the 
spleen. The absence, however, of such changes in the cells extracted from 
the spleen makes it difficult to accept this explanation, unless it is assumed that 
the cells extracted from the spleen at operation are not those that are in the 
process of undergoing destruction. 
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The environmental conditions of cells in the spleen are poorly defined. 
Although the glucose concentration of splenic blood is reduced, the order of 
reduction is not such as would impair cell metabolism under in vitro conditions. 
Other cells in the spleen, such as lymphocytes, are competing with the red cells 
for the available glucose, and this will reduce still further the glucose available 
for red-cell usage. Even ignoring this fact, the concentrations of glucose in 
splenic blood would last red cells only one to two hours at normal rates of con- 
sumption. No data regarding the length of stay of red cells in human spleens are 
available, but from the early mixing curves of labelled spherocytes in normal 
spleens it appears that many must remain thereat least one hour. Recirculation, 
which takes one minute, would give insufficient time for any cells which re-enter 
the spleen to recover from the metabolic damage resulting from the earlier 
period of stagnation. The fact that blood from the splenic vein does not show 
similar concentrations of glucose to blood derived from the spleen itself may be 
explained by the existence of fast-circulating vascular by-passes in the spleen, 
for which there is physiological evidence (Harris, McAlister, and Prankerd, 
1957; Motulsky, Cassard, Giblett, Brown, and Finch, 1958). Whether all the 
cells haemolysed in patients with hereditary spherocytosis are destroyed in the 
spleen is uncertain, although the results of treatment indicate that the spleen is 
the controlling factor. The discrepancies between the amounts of radioactive 
chromium detected in the spleens of normal persons given HS cells and the 
amounts disappearing from the peripheral blood suggest that, although destruc- 
tion is predominantly intrasplenic, some cells may be damaged to such an extent 
in the spleen that they do not survive extrasplenic circulation. 


Summary 


1. An attempt has been made to evaluate the relative roles of spherocytosis 
and defective red-cell metabolism in the pathogenesis of red-cell destruction in 
hereditary spherocytosis. Evidence is produced that the metabolic defect is the 
principal factor. 

2. Changes in red-cell composition in patients with hereditary spherocytosis 
and normal persons have been analysed under conditions of glucose deprivation 
in vitro, and it has been shown that the changes in hereditary spherocytic cells 
are more pronounced than in normal cells, and that their recovery after the 
addition of glucose is less marked. 

3. Similar changes have been looked for in red cells from spleens of patients 
undergoing splenectomy, but they were not present in the samples obtained. 
There was evidence of marked haemoconcentration in hereditary spherocytic 
spleens. 

4. In two patients with hereditary spherocytosis there was a greater reduc- 
tion in red-cell survival after autotransfusion than after transfusion of the same 
patients’ cells into healthy recipients. 


T. A. J. PRANKERD 
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AORTIC STENOSIS! 


By E. W. HANCOCK anv P. R. FLEMING 
(From the Cardiac Department, Guy’s Hospital) 


AorTIc stenosis, a condition long known and much studied, has been the sub- 
ject of renewed interest with the advent in the past few years of surgical treat- 
ment. Percutaneous left ventricular puncture, developed to meet the need for 
more critical pre-operative assessment, has considerably improved our under- 
standing of the clinical and haemodynamic features of the condition. Direct 
determination of the left ventricular and arterial pressures, and thus of the 
systolic pressure gradient across the aortic valve, together with the cardiac 
output, allowed for the first time a satisfactory assessment of the severity of 
the fundamental disorder, namely, the obstruction of outflow from the left 
ventricle (Brock, Milstein, and Ross, 1956; Fleming and Gibson, 1957). In 
addition, the diagnosis of valvar from subvalvar stenosis has been made 
possible (Fleming, Hancock, Milstein, and Ross, 1958), the relative importance 
of stenosis and regurgitation is better assessed, and the natural history of the 
condition has been clarified by correlation of clinical and haemodynamic fea- 
tures during life. In the present paper the results of percutaneous left ventri- 
cular puncture in 70 patients with aortic stenosis are presented, and correlated 
with various clinical features. Particular attention is paid to the assessment 
of the severity of the condition, the varying features at different ages and 
degrees of disability, the haemodynamic significance of electrocardiographic 
changes, and the factors affecting the arterial pulse contour. 


Patients Studied 


All patients are included who have had left ventricular puncture in this hos- 
pital for the investigation of aortic stenosis, and in whom the measurements 
of pressures and cardiac output were satisfactory, excluding only patients 
with associated mitral stenosis and those studied only after aortic valvotomy. 
Patients in whom the degree of stenosis proved to be mild, those with a marked 
degree of associated regurgitation, and those with subvalvar stenosis, are con- 
sidered separately ; the principal analysis, therefore, is of a group of 41 patients 
with nearly pure aortic stenosis of moderate or severe degree, that is, with a 
calculated aortic valve area smaller than 0-7 sq. cm./m*. The patients studied 
were a selected group, all having been referred for consideration of aortic 


1 Received May 9, 1959. 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960. 
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valvotomy. The diagnosis of aortic stenosis was clinically obvious, and in nearly 
every case there were either significant symptoms or evidence of left ventricular 


TaBLe I 


Clinical and Haemodynamic Data in 41 Patients with Moderate or Severe Aortic 
Valve Stenosis (Calculated Valve Area Less than 0-7 sq. cm./m?) 


Numbers in parentheses indicate the case number of the same patient in the report of operative results by Baker and 
Somerville (1959). L.V. = left ventricle; B.A. = brachial artery; Syst. ej. per. = systolic ejection period of the left 
ventricle; B.B.B. = bundle branch block. 


Age (years) and sex 
B.A. upstroke (sec.) 
Rys6 + Syi-2 (mm.) 


Surface area (m"*) 
Cardiac index 
(L./min./m*) 

(sq. cm./m"*) 
kg.m./min./m*) 
Tys-6 (mm.) 


—) 
— 


255/27 
175/17 
140/13 
145/10 
180/17 
170/9 

155/10 
165/25 
225/24 
205/20 
190/17 


oronw 


1 
1 
1 
1 
1 
1 
1 
1 
1: 
1 
1 


280/38 
260/15 
280/22 
220/9 
270/13 
235/12 
240/23 
200/17 
215/18 
240/8 
180/35 115/75 


td 


ON 
coottotoott 


205/12 100/75 ‘3 0-29 
255/12 65/50 5 018 
240/8 95/60 0 0-42 
225/15 105/65 2 0-58 
235/20 90/60 5 0-39 
150/14 105/50 “4 0-48 
200/25 115/70 2 0-45 
165/10 80/55 O44 
175/28 100/70 ‘1 0-58 
235/20 150/85 "8 0-28 
295/27 135/75 ‘7 035 


SRASSSSSSEE 


(52) 39 47M 1- 215/35 100/70 8 0-23 0 
40 53M 1: 235/48 120/75 95 9 O22 ‘ ‘ ‘ 320 0 
+ 


41 57M 1- 190/42 75/55 81 6 O13 . 0-31 0 150 + 


hypertrophy in the electrocardiogram, suggesting the possible need for opera- 
tion. During the period of this study virtually all such patients who were seen 
were investigated with left ventricular puncture. 


| 
1 7F 0-73 
‘73 215/25 100/70 
2 9F 0-91 185/6 100/80 570 
3 11M 1-20 165/14 100 oa iss om 0 0 48 
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6 16F 
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(37) 10 35M 
12 46F 
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Disability 2 
17 13F 
(31)18 15M 
(54) 20 24F 
(50) 21 32M 
(39) 22 34F 
(43) 23 36M 
(36) 24 39M 
(35) 25 44F 
(56) 26 47M 
Disability 3 
(17) 28 35M 
29 38F 
30 40F 36 —4 
(29) 31 41M 
(63) 82 47F 
(27) 33 47M 
34 53M 
(65) 35 53M 
& 
(66) 38 56M 
Disabilit 
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52-3 
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Grades of disability were defined as follows: 

(0) Asymptomatic. 

(1) Definite angina pectoris, effort syncope, or breathlessness of effort, but 
not severe enough to interfere with work or ordinary activity, and not pro- 
gressively severe. 

(2) Angina pectoris, effort syncope, or breathlessness on effort, severe enough 
to interfere with ordinary activity, and usually progressively severe over the 
previous year. 


ste esse Se 


AGE (YEARS) 


1 2 + fe) + re) 
GRADE OF DISABILITY ANGINA SYNCOPE 


Fic. 1. The age distribution of 41 patients with moderate or severe aortic valve stenosis, 

grouped according to the grade of disability. On the right the same patients are grouped 

according to the presence or absence of angina pectoris and effort syncope. The average 

age of patients with symptoms of left ventricular failure (grades 3 and 4 grouped together) 

is 48-7 years, compared with 33-1 years of those with disability of grades 1 and 2. Patients 

with angina have an average age of 39-6 years, those without angina an average age of 
30-7 years. 


(3) The same as grade 2, with the addition of orthopnoea, paroxysmal noc- 
turnal dyspnoea, or attacks of acute dyspnoea. 

(4) The same as grade 3, with the addition of overt right-sided congestive 
heart failure, or unprovoked acute pulmonary cedema. 

The intention was to define not so much the severity of symptoms at a given 
moment, but rather the stages in the life history of this chronic disease. Grade 3, 
for example, is intended to include patients with symptoms of left ventricular 
failure, not necessarily more disabled than those in grade 2, but in a more ad- 
vanced stage of the disease. As there were only three patients in grade 4, they 
have been included with grade 3 in the Figures, but are shown separately in 
Table I. 

Clearly, these patients were studied at an earlier stage of the disease than 
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has been the case in most other published studies of aortic stenosis. This is 
indicated by the age distribution (average 35-7 years), and by the wide range 
in severity of symptoms (Fig. 1). Symptoms were slight or absent in 16 of 41 
patients. While 25 had disabling breathlessness and 14 had symptoms of left 
ventricular failure, only three had congestive heart failure in the traditional 
sense. This selection of patients stemmed from the belief that patients with 
aortic stenosis should be assessed for operation well in advance of the onset 
of congestive heart failure, which is often a virtually terminal event. No 
attempt was made to separate cases of valve stenosis of congenital, rheumatic, 
or other aetiology. Having studied no patients over the age of 60, and having 
set aside those with considerable regurgitation or clinically evident mitral valve 
disease, we have naturally introduced a bias in favour of cases of congenital 
origin. Clinical features and the results of aortic valvotomy in many of these 
patients have been presented by Baker and Somerville (1959). 


Methods 


Personal clinical examination and review of the electrocardiograms were 
made in each case. Percutaneous left ventricular puncture was performed by 
the technique described by Brock, Milstein, and Ross (1956). Arterial pressure 
was recorded simultaneously from an indwelling needle in the brachial artery. 
Pressures were recorded with capacitance (Southern Instruments) or inductance 
electromanometers (New Electronic Products), in most cases on a multi-channel 
photographic recorder, but in some cases on an oscillographic pen recorder 
(Brush). Aortic catheterization was done with a fine polythene catheter via the 
left ventricular needle in 41 cases, for recording of the aortic pressure and a 
withdrawal pressure record across the aortic valve. Simultaneous right heart 
catheterization was done in 21 cases. Cardiac output was determined in these 
cases by the Fick method; blood oxygen content was determined by the Hal- 
dane method, and oxygen consumption by spirometry, the patient breathing 
room air. Cardiac output in the remainder was determined by the dye-dilution 
method, either by multiple arterial sampling or with an ear oximeter (Cam- 
bridge Instruments). The injection was usually made into the right atrium or 
superior vena cava through a percutaneously placed polythene catheter, but 
occasionally into the pulmonary artery or left ventricle. Details of the dye- 
dilution methods are presented elsewhere (Hancock, 1959). Cardiac output was 
usually determined in the resting state 10 to 20 minutes before the left ventri- 
cular puncture. Adults were usually drowsy and quiet throughout the pro- 
cedure, having been given 20 mg. of ‘omnopon’. Children under 12 years of 
age were given an inhalation anaesthetic with tracheal intubation. The peak 
and mean systolic pressure gradient across the aortic valve was measured as 
shown and discussed in Fig. 2. The difference in mean gradient, according to 
whether the brachial artery or aortic pulse form was used, was never more than 
15 mm. Hg, and was less than 5 mm. Hg in the great majority of cases. The 
systolic ejection period of the left ventricle was measured on superimposed 
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pulse forms in the same way, taking the intersection of the falling left ventri- 
cular pressure with the arterial pressure as the end of the ejection period. The 
difference in ejection period, according to whether the intersection with the 
brachial artery or aortic pressure was taken as the end of ejection, was never 
more than 0-04 second, and was too small to measure in the great majority of 
patients. 


SYSTOLIC 
GRADIENT 


Fic. 2. Three methods of calculating the mean pressure gradient 
across the aortic valve. The pulse tracings are redrawn from those 
shown in Fig. 10. The shaded area represents the mean gradient, and 
the difference between the peaks the peak systolic gradient. (A) Left 
ventricle and brachial artery as directly recorded. (B) Left ventricle 
and brachial artery, the latter moved forward in time so that its up- 
stroke coincides with the beginning of the ejection period. (C) Left 
ventricle and aorta as directly recorded. Method C is the most valid 
but least convenient. The common practice of moving the brachial 
artery forward (B) is designed to achieve a nearer approximation of the 
aortic pulse; in practice this is not necessarily so, and may lead to 
underestimation of the true gradient. We have used method A in most 
cases. The differences are important only when it is desired to measure 
a small gradient accurately. 


Aortic valve area was calculated from the hydraulic formula of Gorlin and 
Gorlin (1951): 


Cardiac output (ml./min.) 
Heart _, Ejection ean gradient 
44-5 
rate period (mm. Hg) 


Aortic valve area (sq. cm.) = 


Valve areas have been expressed in terms of body-surface area, in order to com- 
pare the degree of obstruction in patients of widely varying size. 
Left ventricular work was calculated as follows: 


L.V. work __ Cardiac index x 1-055 x L.V. mean systolic pressure x 1-36 
(kg.m./min./m*) 1,000 


While this represents merely the external pressure-flow work of the ventricle, 
and not the true energy expended in contraction, it was considered a useful 
means of comparing patients. 
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Results in Moderate and Severe Aortic Stenosis 


Left ventricular systolic pressure. The simplest expression of the circulatory 
effect of aortic stenosis is the increase in pressure in the left ventricle. Peak 
systolic pressure in the 41 patients with moderate and severe degrees of stenosis 
ranged up to 295 mm. Hg (Fig. 3). The average in the group with grade 2 dis- 
ability was 240 mm. Hg, much higher than in patients with slight or no sym- 
ptoms (average 183 mm. Hg). In those with left ventricular failure the average 
pressure was 215 mm. Hg, still markedly raised, but lower than in grade 2. 


PRESSURE fe Hg) 


TOLIC 
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ee ose 


GRADE OF DISABILITY ANGINA . SYNCOPE 
Fiu. 3. Left ventricular peak systolic pressure in 41 patients with moderate or severe 


aortic stenosis, grouped according to the grade of disability ; on the right, the same patients 
grouped according to the presence or absence of angina or syncope. 


& 
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Left ventricular pressure in aortic stenosis is thus raised at rest to levels similar 
to those found in severe systemic hypertension. Higher pressures may occur, 
however. One patient (Case 19), when studied a second time to confirm the 
valvar site of stenosis, had a left ventricular systolic pressure of 435 mm. Hg, 
the aortic systolic pressure being only 100 mm. Hg. Beats following post- 
extrasystolic compensatory pauses exceeded 500 mm. Hg. 

Arterial pressure. The brachial arterial systolic pressure ranged up to 150 
mm. Hg. No patient had significant hypertension, and our experience is the 
same as that of Wood (1958), that a systolic pressure over 200 mm. Hg. in 
significant aortic stenosis is extremely rare in any circumstances. The pulse 
pressure was less than 50 mm. Hg in the great majority of cases, the average 
being 35 mm. Hg. Fig. 4 shows the pulse pressure related to the aortic valve 
area, and also compared with the pulse pressures of normal subjects and 
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patients with aortic stenosis of trivial degree. Nearly one-third of the severe 
cases showed a pulse pressure below the normal adult range, and in 34 of 41 
(83 per cent.) it was below the normal average. Severity, however, could 
obviously not be correctly assessed from this feature alone. 


(mm. Hg). 


> 


Q 
25 
x 


-5O MILD NORMAL 
AORTIC VALVE AREA 6q m?) 


Fic. 4. The relation of the brachial arterial pulse pressure to the calculated aortic valve 

area in 41 patients with moderate or severe aortic valve stenosis. On the right is shown 

for comparison the pulse pressure in 10 patients with aortic valve stenosis of mild degree 

(aortic valve area greater than 0-8 sq. cm./*) and in 40 normal subjects (Hancock and 
Abelmann, 1958). 


Aortic systolic pressure gradient (Fig. 5). The peak systolic pressure gradient 
ranged up to 190 mm. Hg, and the mean gradient up to 130 mm. Hg. When 
the gradient was large, the mean gradient was about 80 per cent. of the peak 
gradient, but when the gradient was less than 100 mm. Hg the relationship was 
more variable, depending on the pulse contours. In a few cases the mean 
gradient was larger than the peak; a situation arising in the presence of a wide 
pulse pressure. Although the peak gradient sometimes varied by 20 to 30 mm. 
Hg, according to whether the aortic or brachial peak systolic pressure was used, 
the mean gradients were much closer. Only in a few cases, with small gradients, 
do appreciable errors arise from use of the brachial artery. 

Cardiac output (Fig. 6). The resting cardiac index was within the normal 
range of 4-2 to 2-8 ]./min./m? in 13 cases, and higher than this in no fewer than 
18 of 41 (44 per cent.). It was below the normal range in only seven of 
41 patients, five of whom had severe symptoms of left ventricular failure. This 
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Fic. 5. The mean systolic pressure gradient across the aortic valve in 41 patients with 

aortic valve stenosis of moderate or severe degree, grouped according to the grade of dis- 

ability. On the right, the same patients grouped according to the presence or absence of 
angina and syncope. 
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GRADE OF DISABILITY ANGINA SYNCOPE 

Fic. 6. The cardiac index in 41 patients with aortic valve stenosis of moderate or severe 

degree, grouped according to the grade of disability. On the right, the same patients 
grouped according to the presence or absence of angina and syncope. 
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finding contrasts sharply with the typically reduced, or low normal, cardiac 
output in severe mitral, pulmonary, and tricuspid stenosis, and with traditional 
teaching about aortic stenosis. Nevertheless, raised levels of cardiac output 
have been found in severe aortic stenosis by both the Fick and dye-dilution 
methods, both during basal conditions of right heart catheterization and during 
left ventricular puncture. Similar findings have been reported by Dexter, 
Harken, Cobb, Novack, Schlant, Phinney, and Haynes (1958). Increased 
cardiac output was associated with a raised oxygen consumption, more than 
25 per cent. above the predicted basal metabolic rate in all nine of those patients 
on whom the Fick method was used. The arteriovenous oxygen difference, how- 
ever, was never more than 4-7 volumes per cent., and in five of nine cases less 
than 3-5 volumes per cent. Thus there is in aortic stenosis an increased oxygen 
demand, which is met, not by increased extraction of oxygen from the blood, 
but by an increased cardiac output. This occurs in spite of the most severe 
degrees of obstruction of left ventricular output, and even after symptoms of 
left ventricular failure have appeared. It seems reasonable to assume that this 
extra blood-flow goes in large part to the coronary circulation. Not only is the 
myocardial oxygen requirement obviously increased by the greatly increased 
work of the left ventricle, but clearly this increased demand can be met only by 
increased flow, as the myocardial oxygen extraction is already nearly maximal 
in normal circumstances. If only left ventricular failure is considered, therefore, 
aortic stenosis may be considered a form of high output cardiac failure in some 
cases. With the onset of left ventricular failure, however, the output declines, 
and the three patients in whom systemic venous congestive heart failure was 
evident all had a reduced output. The traditional teaching that the cardiac 
output is low in aortic stenosis thus applies to patients with advanced cardiac 
failure, but only rarely to those in earlier stages of the disease but with equally 
severe obstruction. 

Aortic valve area (Fig. 7). The calculated aortic valve area ranged from 0-65 
to 0-13 sq. em./m?, representing degrees of stenosis from 35 per cent. down to 
less than 10 per cent. of the normal orifice. Valve area was, on the whole, pro- 
gressively smaller with increasingly severe symptoms. Nevertheless, the number 
of patients without severe symptoms who showed a degree of stenosis com- 
parable to that in patients severely disabled was noteworthy. Left ventricular 
failure was not associated with any critical valve size smaller than that required 
to produce milder symptoms. 

Work of the left ventricle (Fig. 8). Even an over-simplified calculation of the 
pressure-flow work of the left ventricle indicates the great increase which is 
present in aortic stenosis, ranging up to six times the average normal of 3 to 5 kg. 
m./min./m*. The average work of the ventricle in patients with grade 2 sym- 
ptoms was 63 per cent. greater than in patients with grade 1 symptoms, although 
the average degree of stenosis was only 20 per cent. greater. In other words, in- 
creasingly severe stenosis was accompanied by a disproportionate increase in 
the work of the heart. Patients with left ventricular failure, on the other hand, 
with the same average degree of stenosis as those in grade 2, had an average 
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Fie. 7. The calculated aortic valve area in 41 patients with moderate or severe aortic 

valve stenosis grouped according to the grade of disability. On the right, the same patients 

grouped according to the presence or absence of angina and syncope. Valve area is 

expressed in terms of body-surface area (m*) in order to compare patients of widely 
differing size. 


LEFT VENTRICULAR WORK (kg. m./min/m*) 
See $2203 eee 
ee 


GRADE OF DISABILITY ANGINA SYNCOPE 


Fic. 8. External pressure-flow work of the left ventricle in 41 patients with moderate or 
severe aortic valve stenosis, grouped according to the grade of disability. On the right, 
the same patients grouped according to the presence or absence of angina and syncope. 
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left ventricular work only half as great, owing to the fall in cardiac output. 
Even in advanced failure, however, the left ventricle is usually still doing more 
work than normal, and more work than in patients with mild symptoms. 


L. END~-DIASTOLIC PRESSURE (mm. Hq) 
ee ecece 


GRADE OF DISABILITY SYNCOPE 


Fic. 9. Left ventricular end-diastolic pressure in 41 patients with moderate or severe 

aortic valve stenosis, grouped according to the grade of disability. On the right, the same 

patients grouped according to the presence or absence of angina and syncope. The zero 

reference level is midway between the anterior and posterior chest levels, and the upper 
limit of normal approximately 12 mm. Hg. 


Left ventricular diastolic pressure (Fig. 9). The end-diastolic pressure in the 
left ventricle was raised in most patients, the average level rising with in- 
creasingly severe symptoms. It was more than 20 mm. Hg in the majority of 
patients with left ventricular failure, and was 35 to 48 mm. Hg in the three 
who had had overt congestive heart failure. It was normal in several patients 
with left ventricular failure, although none were having symptoms of failure 
at the time of study. There was no correlation of the left ventricular end- 
diastolic pressure with left ventricular systolic pressure, stroke output, work 
of the left ventricle, or aortic valve area. The end-diastolic pressure represents 
essentially the A wave of left atrial contraction, often a giant A wave in aortic 
stenosis, and clearly visible as an abrupt presystolic rise in the left ventricular 
pulse tracing (Fig. 10). A giant A wave may be viewed as a compensatory 
mechanism, stimulating the ventricle to a greater contractile force. Such is 
the view commonly taken of the giant right atrial A wave in pulmonary 
stenosis. Aortic stenosis is different, however, in that there is never a giant left 
atrial A wave without substantial elevation of pressure throughout the whole 
diastolic filling period, and elevation of left atrial mean pressure. It seems 
reasonable, therefore, to consider elevation of left ventricular diastolic pressure 
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in aortic stenosis a valid sign of left ventricular failure, which ordinarily pre- 
cedes the clinical symptoms. 

Only one patient had significant pulmonary hypertension consequent on the 
raised left ventricular diastolic pressure. A girl of 13 years (Case 17) had a 
pulmonary arterial pressure of 82/32 (mean 50) mm. Hg, a mean pulmonary 
wedge pressure of 21 mm. Hg, and a pulmonary vascular resistance of 5 units. 
Left ventricular end-diastolic pressure was 38 mm. Hg. She was markedly 
breathless on effort, and had angina and syncope, but had not had clinical 


Fia. 10. Pressure in the aorta and brachial artery (left) and left ven- 
tricle and brachial artery (right) recorded simultaneously in a patient 
with aortic valve stenosis of moderate severity. Characteristic features 
include: (1) a large pressure gradient between left ventricle and artery ; 
(2) a presystolic rise in the left ventricular pressure, resulting in a raised 
end-diastolic pressure which largely represents the A wave of left atrial 
contraction; (3) approximately simultaneous peaks in the aorta and 
brachial artery, both being simultaneous with the end of the ejection 
periods ; (4) anacrotic, slowly rising pulse contours. (See also Fig. 17.) 


symptoms of left ventricular failure. The incidence of pulmonary hypertension 
was possibly underestimated, as right heart catheterization was done in only 
four of the patients with grade 3 and none of those with grade 4 disability. 
Goldberg, Smith, and Raber (1958) found a much higher incidence of pulmonary 
hypertension, but their group of patients apparently included a much higher 
proportion with congestive heart failure, which would also explain the low 
range of cardiac output which they reported. 

Pulsus alternans was present in the left ventricle in 25 per cent. of patients. 
It was scarcely visible in the arterial records, even when the ventricular alternans 
was 20 to 30 mm. Hg. It occurred predominantly in patients with severe sym- 
ptoms, but less commonly in grade 3 than in grade 2. It was present in several 
patients with normal left ventricular end-diastolic pressure. Thus pulsus alter- 
nans was a feature associated more with the highest pressures and work-loads 
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of the left ventricle than with left ventricular failure. Cooper, Braunwald, and 
Morrow (1958) found a similar high incidence of pulsus alternans in aortic 
stenosis, but, not finding it in congenital cases, inferred a factor of myocardial 
damage due to rheumatic fever or coronary disease. In our group there were 
three patients with congenital valve stenosis under the age of 21, and another 
three with congenital subvalvar stenosis under the age of 21, showing pulsus 
alternans, so that an acquired myocardial factor is not a necessary inference. 
Pulsus alternans in aortic stenosis may sometimes be recognized clinically, 
rarely from the pulse or the sphygmomanometer, but more often by listening 
for alternation in the intensity of the murmur, especially after ventricular 
extrasystoles, when the alternation is always most marked. Detected in this 
way it is a sign of severe stenosis. On the other hand, pulsus alternans detect- 
able clinically in the pulse suggests that a substantial aortic pressure gradient 
is not present, and that left ventricular failure is due to some cause other than 
aortic stenosis. 


Angina and Syncope 


Although breathlessness was the most common symptom, special interest 
was attached to angina and syncope as being particularly characteristic sym- 
ptoms of aortic stenosis. Indeed, 30 of the 36 patients with symptoms (83 per 
cent.) and 24 of 25 with severe disability (96 per cent.) had one or both of these 
symptoms in addition to breathlessness. Typical angina pectoris was present 
in 24 of 41 patients (59 per cent.), or 67 per cent. of those with symptoms and 
79 per cent. of those with severe disability. Angina occurred at all levels of 
aortic valve area (Fig. 7), left ventricular pressure (Fig. 3), and left ventricular 
work (Fig. 8), within the range of moderate or severe aortic stenosis. Patients 
with and without angina showed a great overlap in all haemodynamic features. 
Those with angina were, however, older on the average (Fig. 1), had a higher 
average left ventricular systolic pressure and mean pressure gradient, and 
deeper T-wave inversion in the left precordial leads of the electrocardiograph 
(Fig. 11). There was little difference in cardiac output, aortic valve area, or 
left ventricular work. True effort syncope was present in 15 of 41 patients 
(37 per cent.), or 48 per cent. of those with symptoms and 50 per cent. of those 
severely disabled. As with angina, the patients with syncope were not clearly 
distinguished by any haemodynamic feature from those without syncope. Of 
particular interest, in view of the traditional view that syncope in aortic 
stenosis results from a low cardiac output, was the finding that the average 
resting output was not significantly lower in patients with syncope than in the 
others, and was in fact in the upper range of normal (Fig. 6). The average left 
ventricular end-diastolic pressure was higher in those with syncope than in 
those without (Fig. 9), this difference owing mainly to the fact that the three 
patients with grade 4 disability, very high ventricular diastolic pressures, and 
low cardiac outputs, all had syncope. 
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Electrocardiographic Changes 


There was some electrocardiographic abnormality in nearly every patient, 
this having been one of the criteria most considered in referring them for in- 
vestigation. We have taken as the most convenient criteria of left ventricular 
hypertrophy the sum of the larger R wave in V5 or V6 and the larger 8S wave 
in V1 or V2 (10 mm. = 1 mv), and the greatest depth of T-wave inversion in 
V5 or V6. Two patients with left bundle branch block, and one with right 
bundle branch block, were not included in the analysis. The T waves were 
quite normal in only three patients with significant aortic stenosis, two of these 
being children aged nine and 11 years. The T wave in V5—6 was definitely in- 
verted in all patients with severe symptoms. Although the variation was con- 
siderable, the QRS voltage and the depth of T-wave inversion were both related 
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GRADE OF DISABILITY ANGINA SYNCOPE 
Fic. 11. The deepest T-wave inversion, or the lowest upright T wave, in leads V5—6 of 
the electrocardiogram in 36 patients with moderate or severe aortic valve stenosis, 


grouped according to the grade of disability. On the right, the same patients grouped 
according to the presence or absence of angina or syncope. 10 mm. deflexion = 1 mv. 


to the severity of the lesion. The correlation was better with the left ventricular 
peak systolic pressure than with the pressure gradient, aortic valve area, or left 
ventricular work (Figs. 12, 13, and 14). Left ventricular pressures higher than 
210 mm. Hg were associated with abnormal QRS voltage, and with T waves at 
least 2 mm. inverted in every case. Every patient with T-wave inversion of 
3 mm. or greater in V5-6 showed a mean gradient larger than 60 mm. Hg, and 
valve area smaller than 0-60 sq. cm./m*?. On the other hand, none of the 
patients with mild stenosis (calculated valve area greater than 0-7 sq. cm./m?) 
showed T-wave inversion, excepting one with left bundle branch block. Although 


- 
- 
Fe 
. 
+5 
e ee cee 
--z-- 
. 33 eee ee 
* 
ahs 
3 
= 


T WAVE AMPLITUDE V5-6 (mm) 
uw 


l iL 
200 250 
LEFT VENTRICULAR SYSTOLIC PRESSURE (mm. Hg) 


Fic. 12. The depth of the greatest T-wave inversion, or the height of the lowest 
upright T wave, in leads V5—6 of the electrocardiogram in 36 patients with 
moderate or severe aortic valve stenosis, related to the left ventricular peak 
systolic pressure. 10 mm. deflexion = 1 mv. Also shown, in open circles, are 
nine patients with aortic valve stenosis of mild degree (valve area greater than 
0-8 sq. cm./m?). 
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Fic. 13. The depth of the greatest T-wave inversion, or the height of the lowest 

upright T wave, in leads V5-6 of the electrocardiogram in 36 patients with 

moderate or severe aortic valve stenosis and nine patients with mild aortic stenosis 

(open circles), related to the mean systolic pressure gradient across the aortic 
valve. 10 mm. deflexion = 1 mv. 
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the magnitude of QRS voltage and the depth of T-wave inversion were related 
to each other, attempts to combine the two measurements into an index of the 
severity of left ventricular hypertrophy did not lead to any greater clinical or 
haemodynamic correlation. 


Rys-6 + Syj-2 (mV) 
8 


ISO 200 250 
LEFT VENTRICULAR SYSTOLIC PRESSURE (mm. Hg) 


Fic. 14. The sum of the taller R wave in V5 or 6 and the deeper S wave in V1 or 

2 of the electrocardiogram in 36 patients with moderate or severe aortic valve 

stenosis, and nine patients with mild aortic stenosis (open circles), related to the 
left ventricular peak systolic pressure. 1 mm. deflexion = 1 mv. 


The Arterial Pulse Contour 


A slow-rising anacrotic arterial pulse contour, with a prolonged upstroke 
duration, is present in the great majority of patients with significant aortic 
stenosis. This was reaffirmed in the present study. The upstroke duration 
(Fig. 15), although widely variable, averaged 0-21 seconds, about twice the 
normal. It was longer than the extreme upper normal limit (0-20 seconds) in 
25 of 38 patients (66 per cent.), and longer than we have encountered in trivial 
aortic stenosis (up to 0-22 seconds) in 17 of 38 (45 per cent.). Thus, in nearly 
half of the cases, the severity of the condition could be confirmed by this 
measurement alone. The rate of rise of the brachial arterial pressure, measured 
in mm. Hg per second along the steepest portion of the systolic upstroke, is also 
a helpful measurement. It was below the average normal in every case (Fig. 16), 
but the overlap with normal subjects was great. Whereas the upstroke dura- 
tion, if greatly prolonged, is most helpful in confirming severe stenosis, the 
rate of rise, if it is steep, is most helpful in ruling out severe stenosis. The 
brachial pulse contour showed an anacrotic inflexion in 27, two equal peaks in 
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Fic. 15. The upstroke duration of the brachial artery pulse tracing, in seconds, related to 

the calculated aortic valve area in 37 patients with moderate or severe aortic stenosis. 

Shown on the right for comparison are the same measurements in nine patients with mild 

aortic valve stenosis (calculated aortic valve area greater than 0-8 sq. cm./m?*), and in 

40 normal subjects (Hancock and Abelmann, 1958). Correction for heart rate does not 
improve this relationship, nor does it reduce the wide range of normal. 
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Fie. 16. The rate of rise of the brachial arterial systolic pressure, measured in mm. Hg/ 
second along the steepest portion of the upstroke, in 24 patients with moderate or severe 
aortic valve stenosis, related to the calculated aortic valve area. This measurement was 
made only where high-speed recordings on rectilinear paper were available. Shown on the 
right for comparison are the same measurements in eight patients with mild aortic valve 
stenosis, and in 40 normal subjects (Hancock and Abelmann, 1958). With rare exceptions, 
a rate of rise more rapid than 750 mm.Hg/second rules out significant aortic stenosis 
(see text). 
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five, and a single peak in six, of 38 cases. There seemed no essential distinction 
between the anacrotic pulse and that with two equal peaks when the rate of 
rise was slow. Indeed, one often changed to the other during the procedure, 
even from beat to beat. We agree with Wood (1958) that the true pulsus bis- 
feriens, which indicates predominant regurgitation, has not only two equal 
peaks but also a rapid rate of rise, more than 1,000 mm. Hg per second. Such 
a pulse was found in Case 15 when studied initially, the patient being very 
agitated, with a cardiac index of 6-4 ]./min./m?; the rate of rise was 1,150 mm. 
Hg per second. When left ventricular puncture was later done under basal 
conditions, the cardiac index was 2-4 1./min./m?, and the brachial pulse form 
anacrotic, with a rate of rise of 450 mm. Hg per second. Apart from this a true 
pulsus bisferiens has not been found in dominant aortic stenosis. 

The pulse contour in the aorta, obtained in 24 of 41 cases, was strikingly uni- 
form. It was always anacrotic, with a slow rate of rise often difficult to measure 
because of coarse anacrotic vibrations. Study of withdrawal records across the 
aortic valve has made it clear that the anacrotic notch arises as an effect of the 
high-velocity jet in the root of the aorta just beyond the stenotic valve (Fig. 18). 
A further characteristic feature of the aortic pulse form was that the delayed 
peak systolic pressure coincided exactly, or nearly so, with the end of the 
systolic ejection period (Fig. 17). That is, the pressure in the aorta charac- 
teristically rose throughout the ejection period, the upstroke and the ejection 
period having the same duration. The systolic peak was usually sharply 
defined ; the incisura, marking the end of the ejection period, was usually a 
very indistinct deflexion just at the systolic peak. Superimposition of left 
ventricular and aortic pulse forms gave a characteristic appearance (Figs. 2 
and 10); the peak aortic pressure came at the instant of intersection of the two 
tracings, simultaneous with the end of the ejection period and with the aortic 
component of the second sound (Fig. 17). Comparison of the aortic and 
brachial pulse forms further showed that the same general rule applies also in 
the peripheral artery (Fig. 17). The brachial systolic peak (taking the second 
where there are two peaks) also coincides in time with the end of the ejection 
period. It has often been assumed that, because of the delay in transmission 
of the pulse wave to the periphery, the brachial systolic peak should be later 
than the aortic systolic peak, and in normal subjects this is commonly true ; 
but in aortic stenosis they are nearly always within 0-03 second of being simul- 
taneous. This being the case, it is clear that the duration of the systolic ejection 
period of the left ventricle is the dominant factor which determines the duration 
of the systolic upstroke of the brachial arterial pulse. In general, in aortic 
stenosis, the duration of the brachial upstroke is equal to the ejection period 
less the time for transmission of the pulse wave to the brachial artery, and the 
aortic upstroke time is equal to the ejection period. The ejection period, 
although characteristically prolonged in aortic stenosis, is variable and poorly 
correlated with the degree of stenosis; the reasons for this are not clear, but it 
explains to some extent why the arterial pulse form is not so diagnostic of the 
degree of stenosis as might be thought. There is some evidence that when 
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exceptions to this general rule occur, that is when the arterial peak systolic pres- 
sure is not delayed till the end of the ejection period, an element of muscular 
subvalvar obstruction may be present. The pulse contour in subvalvar aortic 


Fic. 17. Pressure in brachial artery, above, and aorta, below, 
recorded during left ventricular puncture in a patient with 
aortic stenosis. The pressures are recorded with similar sensi- 
tivities, but different zero levels, the actual readings being 
100/80 mm. Hg in each case. Note the simultaneous peaks in 
aorta and brachial artery, both being synchronous with the 
aortic second sound. The anacrotic aortic pulse with a tiny 
incisura very near the peak is characteristic. 


Fic. 18. Pressure record during withdrawal of a catheter from aorta to left ventricle, taken 

during percutaneous left ventricular puncture in a patient with severe aortic stenosis, 

illustrating the role of the high-velocity jet through the valve in the formation of the 

anacrotic notch of the arterial pulse contour. As the catheter approaches the valve, the 

anacrotic notch becomes deeper and earlier on the upstroke ; just at the valve the energy 
of velocity is so great that the pressure scarcely rises in early systole. 


stenosis is discussed in more detail elsewhere (Hancock, 1959), but such patients 
commonly show a shorter duration and a more rapid rise of the systolic up- 


stroke than patients with aortic valve stenosis. This seems particularly 
characteristic of cases in which the stenosis is muscular rather than a fixed 
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stricture, and is seen most characteristically when the obstruction is purely 
functional, in association with severe left ventricular hypertrophy (Brock, 
1957). 

With the demonstration that functional muscular subvalvar obstruction may 
exist in association with valvar stenosis (Fig. 19), the occasional occurrence of 
a normal arterial pulse contour in severe valve stenosis takes on new interest. 
In fact, of five patients in the present group with a nearly normal brachial pulse 
contour, three showed definite evidence of associated muscular obstruction: 


Patient No. 10, with calcific valve stenosis, treated by transventricular dilata- 
tion, showed a large residual pressure gradient at left ventricular puncture after 
operation ; withdrawal records could not be obtained, but the needle tip entered 
an apparent subvalvar zone, indicating a subvalvar site of the gradient. 

Patient No. 26, with calcific valve stenosis, treated by transventricular dilata- 
tion, also showed a large gradient at left ventricular puncture after operation ; 
on withdrawal records the gradient was clearly at subvalvar level. It had clearly 
been at valvar level in the pre-operative studies. 

Patient No. 19, a youth of 18 with severe non-calcific congenital stenosis of 
the aortic valve, was treated by aortic valvotomy under direct vision with extra- 
corporeal circulation. There was no organic subvalvar stenosis, but the degree 
of left ventricular hypertrophy was extreme. There was a residual gradient of 
50 mm. Hg, apparently due to functional obstruction, although withdrawal 
records were not done. 


In the fourth of these patients (Case 4) severe aortic regurgitation resulted 
from aortic valvotomy, with abolition of the gradient ; the fifth (Case 6) has not 
been operated upon. The true incidence of functional muscular obstruction in 
association with aortic valve stenosis, and the relation of this phenomenon to 
the arterial pulse contour, can be known only from further study. It may well 
be very common, revealed in the pulse contour only in the extreme examples, 
and by withdrawal pressure records only after substantial surgical relief of the 
valve stenosis. It has been found in three of the first four patients treated by 
aortic valvotomy under direct vision with extracorporeal circulation, so that 
the incidence may well be similar to that obtaining in pulmonary valve stenosis 
(Johnson, 1959). 


Mild Aortic Stenosis 


A typical aortic systolic murmur, calcified aortic valve, or other signs sug- 
gestive of aortic stenosis, may be present in the absence of a systolic pressure 
gradient across the valve, indicating that the condition is merely aortic valve 
sclerosis of no physiological significance (Hancock, Madison, Proctor, Abelmann, 
and Starkey, 1958). Other patients have only a small pressure gradient, 
indicating a mild degree of stenosis. We have defined mild aortic stenosis as a 
calculated valve area larger than 0-8 sq. cm./m?. This implies a mean gradient 
smaller than 50 mm. Hg. The validity of this definition is supported by the 
clinical features of these cases. For this reason, and because of the obvious 
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importance of this experience in selecting patients for operation, the 10 mild 
cases are briefly described below. They illustrate the fact that mild aortic stenosis 
may be seen at all ages, and may be associated with quite severe symptoms 


II 


Clinical and Haemodynamic Data in the Patients Considered Separately because 
of Mild Stenosis, Considerable Associated Regurgitation, or Subvalvar Stenosis 


In subvalvar stenosis the calculated valve area represents an index of the degree of obstruction at subvalvar level, the 
actual valves being normal. In regurgitation the valve area is recognized as an underestimate (see text). Abbreviations 


as in Table I. 


Aortic valve area 
B.A, upstroke (sec.) 
B.A, rate of rise 
Rys-¢ + Syi-2 (mm.) 
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Age (years) and sex 
Surface area (m*) 
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due to coronary artery disease or other cardiac lesions, or to psychoneurosis. 
The great value of the electrocardiogram, in both children and adults, is evi- 
dent, but left ventricular puncture has an important place in the assessment 
of such patients, to prevent them from coming to operation for supposed severe 
aortic stenosis. 


Case 42. A boy of five years had a typical grade 4 aortic systolic murmur, 
with a prominent thrill over the carotid and at the right second interspace. Left 
ventricular heave was negligible, and the pulse was smal] in volume, but other- 
wise normal. Chest radiography and screening gave normal results. The electro- 
cardiogram showed normal T waves, and only a 10 mm. R wave in V5-6, but 
the S wave in V2 was 45 mm. Investigation was prompted by the development 


i i 
Mild aortic stenosis 
42 5M 0-80 140/10 105/70 27 61 088 136 0-21 0-13 
43 7M 0-85 120/8 110/75 15 o4, 60 150 0-18 0-05 
44 30M 1-67 115/6 105/80 15 ee oe 93 0-27 0-22 
45 35M 200 110/8 110/70 80 0-23 0-20 
46 42M 1-96 145/20 130/60 10 36 1-07 72 0-34 0-22 
47 45F 1-70 165/21 150/70 19 45 1-31 60 0-29 0-21 
48 46M 1:96 190/11 160/85 35 655 O91 92 O21 0-18 
49 46M 1-69 110/33 110/75 0 36 .. 117 10-24 0-10 
50 49M 1-45 160/10 140/85 19 34 1:06 93 O18 0-18 . 
51 54M 1°73 145/15 75/40 44 45 085 66 032 0-20 e 
Aortic stenosis and regurgitation 
(60) 52 25M 1-68 260/42 130/65 38 0-42 65 0-35 0-22 -B.B. 
(34) 53 36M 1-84 235/20 155/95 45 0-45 75 0-27 0-23 —10 
54 37M 1-87 165/34 125/50 18 0-27 97 0-26 0-10 -2 
55 44F 1-67 280/20 150/75 79 O72 135 018 0-10 —4 
56 45M 1-74 155/9 130/60 44 1-49 75 0-29 0-19 -2 
57 46M 1-90 200/12 105/45 -2 
58 50M 1-67 175/20 130/50 os 
59 5OM 1-87 165/16 110/52 -2 ‘ 
(58)60 52M 2-01 195/22 70/40 -2 
61 58M 1-64 205/16 110/55 -7 
Subvalvar aortic stenosis 
62 8F 083 135/10 90/75 +6 
(53) 63 14F 1-46 230/14 100/60 -5 
64 16M 1-71 185/12 95/70 —20 
65 17M 1-98 150/10 115/70 +4 
66 18M 1-66 225/14 130/80 -3 
67 22M 1°88 140/8 105/65 +2 
68 25F 143 230/13 110/70 -1 
69 42M 1-82 155/-4 85/55 -3 
70 54M 1-62 235/19 105/65 .B.B. 
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of behaviour problems, and the complaint of gripping chest pain after meals, 
which it was feared might be angina. This diagnosis has not been borne out by 
further observation, and the condition is considered mild, the mean gradient 
being only 27 mm. Hg. 

Case 43. A boy aged seven years had a rough grade 3 systolic murmur typical 
of aortic stenosis, with a powerful carotid thrill and a faint thrill in the right 
second interspace. There was a loud aortic ejection sound, a loud single second 
sound, and a faint aortic diastolic murmur. The left ventricular impulse was 
virtually normal; the pulse was normal in volume and rather abrupt, the blood- 
pressure being 80/50. The electrocardiogram showed quite normal T waves, a 
20 mm. 8 wave in V1, and a 20 mm. R wave in V5. The chest radiograph was 
normal except for considerable dilatation of the ascending aorta. The murmur 
had been known since the age of 18 months. He complained of breathlessness, 
but was thought well by his parents, and seemed so when observed in the ward. 
The gradient was only 15 mm. Hg. 

Case 44. A man aged 30 had a typical grade 4 aortic systolic murmur, a Joud 
aortic ejection sound, and a systolic thrill in the right second interspace, but 
none over the carotid arteries. Left ventricular heave was negligible, and the 
pulse was normal. The murmur was first noted at the age of 14. He was worried 
about his heart, having been told that an operation would be required, but had 
no specific symptoms in spite of a strenuous life. The gradient was only 
14 mm. Hg. 

Case 45. A man aged 35 had no definite symptoms, but a typical grade 3 
aortic systolic murmur with a faint thrill. There was a soft aortic diastolic 
murmur, and a considerable left ventricular heave. Blood-pressure ranged from 
155/105 to 190/110; the pulse was normal, and there was no carotid arterial 
thrill. Leads aVL and V5-6 of the electrocardiogram showed flat T waves of 
1 mm. to 2 mm. amplitude, but the QRS voltage was normal. The heart was 
normal in size, but the ascending aorta was dilated. There was no gradient 
across the aortic valve, nor did the aortic regurgitation seem significant. 

Case 46. A man aged 42 had angina, syncope, and left ventricular failure. 
He had a typical rough aortic systolic murmur, and a slow-rising pulse. The 
electrocardiogram showed the Wolff-Parkinson- White pattern, with normal QRS 
voltage and flat T waves of 1 mm. in V5—-6. The gradient was only 10 mm. Hg, 
and his symptoms were attributed to coronary artery disease. 

Case 47. A woman aged 45 had had severe hypertension, and had recently 
developed angina and left ventricular failure. She had a faint aortic systolic 
murmur and a slow rising pulse. The electrocardiogram showed normal QRS 
voltage and flat T waves of 1 mm. in V5-6. The gradient was only 19 mm. Hg. 

Case 48. A man aged 46, who was discovered at the age of 31 to have heart 
disease, had since then complained of a constant nagging pain in the left pre- 
cordium, radiating to the left shoulder and arm. He also had mild breathless- 
ness and occasional syncope. There were obvious features of cardiac neurosis. 
He had an atypical rough systolic murmur, soft in the second right interspace, 
but loud at the apex and lower left sternal border and over the carotid arteries. 
A thrill was palpable over the lower left precordium and the carotid arteries, but 
not in the right second interspace. There was a soft aortic diastolic murmur. 
The pulse was full in volume and quick-rising. The heart was not enlarged, but 
the ascending aorta and arch were dilated. The electrocardiogram showed up- 
right T waves of 1 mm. and R waves of 15 mm. in V5-6, with a 33 mm. S wave 
in V1. The mean gradient was 35 mm. Hg, with a raised cardiac output, 
indicating mild aortic stenosis. 

Case 49. A man aged 46 had known of heart disease since the age of 24, and 
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had developed severe left ventricular failure during a period of four years. He 
had a grade 3 systolic murmur at the apex, not audible at the right second inter- 
space, and a loud gallop sound in early diastole. The heart was greatly enlarged, 
with severe pulmonary congestion. There was no calcification of the aortic 
valve. The electrocardiogram showed left bundle branch block. There was no 
demonstrable aortic systolic gradient, ruling out significant aortic stenosis. 

Case 50. A man aged 49 had characteristic signs of bronchitis and pulmonary 
emphysema, with progressively severe disability owing to breathlessness, includ- 
ing paroxysmal nocturnal dyspnoea and orthopnoea. There was no angina or 
syncope. He had a grade 3 blowing systolic murmur at the apex, less well heard 
at the aortic area, and a loud single second sound. The pulse was normal, and 
there was no carotid arterial thrill. The heart was not enlarged, but the aorta 
was dilated, and the aortic valve calcified. The electrocardiogram was normal. 
The mean aortic systolic gradient of only 19 mm. Hg, and calculated aortic valve 
area of 1-1 sq. cm./m?, indicated slight aortic stenosis, but pulmonary disease 
seemed the dominant cause of symptoms. 

Case 51. A man aged 54 complained of attacks of near-syncope for six months. 
He had mild breathlessness on unusual effort, but no angina. There wasa typical 
grade 4 systolic murmur over the aortic area, with a carotid thrill and a thrill 
in the right second interspace, no aortic diastolic murmur, and no left ventri- 
cular heave. The pulse was full in volume, but slow-rising and anacrotic. The 
heart was not enlarged, but there was marked dilatation of the ascending aorta 
and arch. The electrocardiogram was normal except for virtually flat T waves 
in leads I, II, aVF, and V5-6. The mean gradient of 44 mm. Hg and the aortic 
valve area of 0-85 sq. cm./m? indicated some aortic stenosis. This case was the 
most severe of those we have called mild, and shows that the distinction between 
mild and moderate is not absolute. The clinical features, however, contrasted 
sharply with those found in patients over age 50 in the moderate to severe group. 


Combined Aortic Stenosis and Regurgitation 


Left ventricular puncture has contributed relatively little to our knowledge 
of aortic regurgitation, and combined stenosis and regurgitation is still a diffi- 
cult condition to assess. About half of the 41 patients considered to have essen- 
tially pure aortic stenosis had a grade 1 or grade 2 aortic diastolic murmur, 
without other evidence to suggest that the degree of regurgitation was signi- 
ficant. Another 10 were considered to have important regurgitation as well as 
stenosis, and are therefore described separately. These patients all had a sub- 
stantial systolic pressure gradient across the valve, but in addition a grade 3 
or grade 4 aortic diastolic murmur, a pulse of large volume clinically, and a 
pulse pressure wider than 60 mm. Hg or a diastolic pressure lower than 60 mm. 
Hg. A diastolic rumbling murmur at the apex, presumably an Austin Flint 
murmur, was present in five cases ; the absence of mitral valve disease was con- 
firmed at post-mortem examination in two of these, and at operation in another. 
Calculation of the aortic valve area in this group is invalidated to an unknown 
extent by the fact that the true output across the aortic valve in systole in- 
cludes an unmeasured portion which has been regurgitated, as well as the 
measured systemic blood-flow. Accepting this limitation, it is still of some value 
to calculate an aortic valve area from the systemic flow. The result may then 
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be considered the smallest possible valve area. Various degrees of regurgitation 
may then be assumed, and calculated valve area corrected. For example, if 
50 per cent. of the stroke volume is regurgitated, the true orifice size is twice 
that calculated. Reasoning of this sort was helpful in rejecting for operation 
the patients with calculated valve areas of 0-5 to 1-5 sq. cm./m?; even a modest 
upward revision, to take regurgitant flow into account, made it clear that the 
orifice was not severely narrowed. The four patients with calculated valve areas 
of 0-25 to 0-42 sq. cm./m? were operated upon for aortic stenosis, and in each 
case the impression at operation was that stenosis was the dominant lesion. 
In one patient, operated upon under direct vision, the orifice was extremely 
small, perhaps smaller than the calculated value, and it was difficult to believe 
that regurgitant flow could have been very large. Yet he had a pulse pressure 
of 65 mm. Hg, a very loud aortic diastolic murmur, and an Austin Flint 
murmur. 


Subvalvar Aortic Stenosis 


The aortic stenosis was subvalvar in nine cases, the diagnosis being established 
by characteristic withdrawal pressure records across the aortic valve, or by 
direct vision at operation (Fleming, Hancock, Milstein, and Ross, 1958). 
Haemodynamic data in these cases are given in Table II. Subvalvar stenosis, 
like valvar stenosis, may be seen at any age, in mild or severe form. The haemo- 
dynamic features in relation to symptoms and electrocardiographic changes are 
generally similar to those seen in valvar stenosis. The three patients with mild 
stenosis all had upright T waves in leads V5—6, while the six with severe ste- 
nosis all had T-wave inversion or, in one case, left bundle branch block. Left 
ventricular end-diastolic pressure was higher than 14 mm. Hg in only one 
patient, but five of the nine had pulsus alternans in the left ventricle. Further 
clinical aspects of some of these cases have been presented elsewhere (Baker and 
Somerville, 1959; Brock, 1959), and some features differentiating valvar and 
subvalvar aortic stenosis will be reported in more detail separately. 


Discussion 

The clinical value of left ventricular puncture in aortic stenosis is in the assess- 
ment of the severity of the stenosis, and in the differentiation of valvar and sub- 
valvar lesions. When the signs of essentially pure aorticstenosisare characteristic, 
and there is deep T-wave inversion in the left precordial leads of the electro- 
cardiogram, a severe lesion may, in our experience, be confidently assumed to 
be present. This fully developed clinical picture was present in a third of the 
cases we have studied. In the other two-thirds, with lesser electrocardiographic 
changes, atypical physical signs, or considerable regurgitation, the procedure 
was of great diagnostic help, half of them being haemodynamically unsuitable 
for operation. 

Left ventricular failure is naturally of paramountimportance in the life history 
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of aortic stenosis. A striking finding in the present study was the high incidence 
of haemodynamic evidence of left ventricular failure in patients who gave no 
history of orthopnoea, nocturnal dyspnoea, pulmonary oedema, or congestive 
heart failure. These clinical manifestations were, in fact, seen only in patients 
over the age of 35 years (Fig. 1). Younger patients, often with severe aortic 
stenosis and sometimes with angina, syncope, and breathlessness on effort, did 
not show the traditional symptoms of right- or left-sided congestive heart failure. 
The most striking example of this fact was the youngest of the patients with 
significant stenosis, a girl of seven years (Case 1), who although asymptomatic 
showed such a degree of increased pulmonary vascular markings radiologically 
that ventricular septal defect was suspected, until it was realized that they 
represented pulmonary venous congestion consequent on left ventricular failure. 
Retrospective autopsy studies of aortic stenosis (Bergeron, Abelmann, Vazquez- 
Milan, and Ellis, 1954; Kumpe and Bean, 1948) rarely include such patients, 
probably because they die suddenly at home rather than slowly in hospital of 
congestive failure. The commonly accepted picture of the life history of aortic 
stenosis has been based to a considerable degree on such autopsy studies, or on 
clinical studies, of patients admitted to hospital for congestive failure. When 
patients are referred to a special centre with the hope of surgical treatment, 
quite a different picture of the clinical and haemodynamic features of the 
disease is obtained. 

Children with aortic stenosis differ from adults not only in the manner in 
which left ventricular failure is manifested, but in the electrocardiographic 
changes. S-T and T-wave changes are less common than in similar degrees of 
stenosis in adults. Nadas (1957) found in a series of 67 such children that 62 per 
cent. had left ventricular hypertrophy by QRS voltage criteria, but only 22 
per cent. had any S-T or T-wave abnormality. Similarly, Keith, Rowe, and 
Vlad (1958) found left ventricular hypertrophy in 60 per cent. of 50 cases, but 
inverted T waves in V5-6 in only 10 per cent. While many of these patients 
doubtless had only mild stenosis, our experience shows that the lesion may be 
at least moderately severe in children in whom the electrocardiogram shows 
only QRS voltage abnormalities. 


The authors gratefully acknowledge the guidance of Dr. C. G. Baker and 
Sir Russell Brock, under whose care these patients have been investigated ; the 
skill and co-operation of Mr. D. N. Ross, who performed the left ventricular 
punctures; the collaboration of Dr. A. M. Johnson and Dr. M. Honey in the 
haemodynamic studies ; and the technical assistance of Miss M. Hale and Mrs. 
B. Sanders. The work was done during the tenure by Dr. Hancock of a Research 
Fellowship of the American Heart Association. 


Summary 


Significant aortic stenosis is that degree represented by a calculated aortic 
valve area in the range of 0-1 to 0-7 sq. cm./m*, or about 10 to 35 per cent. of 
the normal orifice size. 
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In such cases the raised left ventricular systolic pressure ranges up to 300 mm. 
Hg at rest, and the mean systolic pressure gradient across the aortic valve 
ranges from 25 to 130 mm. Hg. 

Cardiac output in severe aortic stenosis is generally normal or raised, and the 
left ventricular external work ranges up to six times the normal. In advanced 
left ventricular failure the cardiac output falls, but the systolic pressure and 
work of the left ventricle remain considerably raised. 

In patients under the age of 35 years clinical symptoms of left ventricular 
failure are rare, although haemodynamic evidence of left ventricular failure is 
common. 

T-wave inversion in the left precordial leads of the electrocardiogram is 
nearly always present in patients with moderate or severe aortic stenosis, 
excepting children. Patients with only mild stenosis are clinically detected 
most reliably by the electrocardiogram, although they generally show atypical 
physical signs as well. 

An anacrotic, slowly rising arterial pulse contour is present in the great 
majority of moderate and severe cases, and in half of these the degree of ab- 
normality is sufficient to confirm the severity of the lesion. The anacrotic notch 
results from the high-velocity jet effect in the aorta. The prolonged upstroke 
time is closely related to the prolonged ejection period of the left ventricle. 
A normal arterial pulse contour in a patient with aortic stenosis may indicate 
that the stenosis is mild, or that it is subvalvar, or that there is subvalvar mus- 
cular obstruction associated with severe valvar stenosis. 
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THE NEPHROTIC SYNDROME! 


Diagnosis by Renal Biopsy and Biochemical and Immunological 
Analyses Related to the Response to Steroid Therapy 


By J. D. BLAINEY, D. B. BREWER, J. HARDWICKE, anp 
J. F. SOOTHILL 


(From the Departments of Experimental Pathology and Pathology, University 
of Birmingham Medical School) 


With Plates 20 to 24 


Durre the last eight years these Departments have made a special study of 
the nephrotic syndrome, mainly in adults and young adults (Squire, Blainey, 
and Hardwicke, 1957). In this time 200 patients with proteinuria have been 
investigated, 80 of whom were suffering from the nephrotic syndrome from 
a variety of causes. These 80 cases have been fully investigated in respect both 
of the mechanism of the proteinuria (Hardwicke and Squire, 1955) and, since 
March 1955, of their progress on a régime of treatment, the main factor in 
which has been prolonged and continuous cortisone therapy. The conclusions 
from the study of 44 of these patients have been reported elsewhere (Squire, 
Blainey, and Hardwicke, 1957) ; in summary, it has been found that the nephro- 
tic syndrome is a condition of multiple aetiology, only 50 to 75 per cent. of cases 
being associated with glomerulonephritis in the accepted sense. In this series 
a régime of continuous cortisone, oral penicillin, high-protein diets, and hypo- 
tensive drugs as necessary, has been associated with an appreciable reduction in 
mortality. 

For the last three years investigations have been extended to include renal 
biopsy, and 33 biopsies have been performed in 29 patients. From these biopsies 
a histological diagnosis has been made. Twenty-one of these patients had 
glomerulonephritis, and they have been further examined in respect of their 
response to treatment. Retrospective examination of biochemical data has 
suggested that histological diagnosis could have been predicted in most of these 
21 patients from laboratory analyses and clinical data only. 


Methods 
Renal biopsy. Specimens were taken by the technique of Kark, Muehrcke, 
Pirani, and Pollak (1955). Specimens were fixed in formol-sublimate, and 
routine 6u to 8u sections cut after embedding in paraffin wax. These sections 
1 Received May 25, 1959 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960, 
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were stained with Ehrlich’s haematoxylin and eosin, with iron haematoxylin- 
van Gieson mixture, and by the periodic-acid-Schiff method. Serious complica- 
tions after biopsy have been rare; transient haematuria is common, but gives 
rise to no symptoms provided an adequate diuresis is maintained. In a few cases 
renal colic was encountered, and responded well to pethidine. Only two patients, 
in a series of more than 100 biopsies, had more serious complications. In the 
first (No. 10), in whom there was clinical evidence of arterial disease, severe 


TABLE I 


Histological Diagnosis from Renal Biopsy 
‘Primary renal disorders’ 
Membranous glomerulonephritis . 
Proliferative glomerulonephritis 


‘Minimal’ changes 


Subtotal 21 (73%) 


Nephrotic diagnosis complicating 

(not considered in detail in this paper) 

? Pyelonephritis (biopsy normal) . 1 

Hypertensive nephrosclerosis 2 

Disseminated lupus erythematosus 

Amyloidosis (primary) 1 

Renal vein thrombosis 

Subtotal 8 (27% 
haematuria and a perirenal haematoma developed, but subsided without sur- 
gical intervention, though blood transfusion was required. In the other patient, 
who had severe arteriosclerosis and hypertension, biopsy was followed by haema- 
turia and clot colic, blood transfusion and cystoscopy being necessary ; after 
these procedures a staphylococcal cellulitis originated at the site of an intra- 
muscular injection, and from this the patient died. In patients with severe 
hypertension or necrotizing arteriolitis biopsy is now not advised. Routine tests 
before biopsy is undertaken include intravenous pyelography, bleeding and clot- 
ting times, and an estimate of prothrombin time. 

Addis counts were performed on four-hour samples of spontaneously voided 
urine. The sample was suitably concentrated by low-speed centrifugation, and 
examined by phase-contrast microscopy in the Fuchs-Rosenthal counting 
chamber. 

Clearance measurements were made on four-hour and 24-hour samples of urine, 
the methods used being described elsewhere (Hardwicke and Squire, 1955). 
Immunological clearances of specific protein were estimated in the same four- 
hour samples by a modification of the gel-diffusion precipitin technique of Gell 
(1957) for estimating specific proteins (Soothill, 1960). Six serum proteins 
were studied with specific rabbit antisera: albumin, siderophilin, gamma glo- 
bulin, complement C,, high molecular weight a,-glycoprotein, and £-lipoprotein. 


Patients 


Table I shows the histological classification of the series of 29 cases reported 
here; eight of these patients (nearly 30 per cent.) had diseases other than 
glomerulonephritis. These patients were separated on the basis of either clinical 
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or pathological evidence of other systemic disease, and in all but one the biopsies 
showed no evidence of glomerulonephritis. In this one patient with renal vein 
thrombosis the biopsy showed changes typical of membranous glomerulo- 
nephritis (Plate 20, Fig. 7); the onset of proteinuria following trauma, and the 
subsequent development of collateral venous channels, support the clinical 
diagnosis. The association of this condition with membranous glomerular 
changes is already well recognized (Blainey, Hardwicke, and Whitfield, 1954; 
Omae, Masson, and Corcoran, 1958). 


Histology of ‘Primary Renal’ Cases 

Of the remaining 21 patients, 15 had glomerulonephritis, while six showed no 
significant abnormality on biopsy. These patients have been divided into four 
groups, as shown in Table I. The histological criteria adopted for this classifica- 
tion were: 

1. Membranous glomerulonephritis. The capillary basement membranes were 
homogeneously thickened, the change being diffuse and involving all the glome- 
ruli in the biopsy specimen ; this is best demonstrated with the periodic-acid- 
Schiff stain (Plate 20, Fig. 8). The glomeruli show only moderate increase in 
cellularity, and the capillaries are often narrowed in calibre and empty of red 
cells ; fine capsular adhesions may occur. Other changes are inconspicuous, and 
confined to hyaline droplet change in the tubules and minimal interstitial fibrosis. 
This type was described by Bell (1929), and later by Ellis (1942) in some cases 
of ‘type 2’ nephritis. 

2. Proliferative glomerulonephritis. Biopsies in this group may show a number 
of changes, including proliferation of the epithelial and endothelial cells of the 
glomerulus, infiltration with polymorphonuclear leucocytes and with small 
round cells, capillary thrombi, adhesions of the tuft to Bowman’s capsule, and 
crescent formation. In the crescents epithelial (Plate 21, Fig. 9) or fibro-epithelial 
elements (Plate 21, Fig. 10) may preponderate. The tubules show little change, 
and there is only slight interstitial infiltration and fibrosis. This group conforms 
with the subacute glomerulonephritis of Volhard and Fahr (1914). 

3. Chronic glomerulonephritis. These biopsies showed severe fibrosis of all 
elements of the kidney, with hyalinization of many of the glomeruli, tubular 
atrophy or dilatation, and round-cell infiltration of the interstitial tissue 
(Plate 21, Fig. 11). It was impossible to identify the initial disease. 

4. ‘Minimal’ changes. Under this heading are included biopsies which showed 
either completely normal glomeruli when examined by standard light micro- 
scopy techniques (Plate 22, Fig. 12) or glomeruli with markedly dilated capil- 
laries filled with red blood-cells, but w > no other abnormality of vessels or 
renal substance (Plate 22, Fig. 13); these appearances have been described by 
Dunn (1934) as occurring in ‘hypo-oncotic oedematous nephritis’. In some 
biopsy specimens in this group the proximal convoluted tubules contained hya- 
line droplets, possibly associated with protein reabsorption (Oliver and Mac- 
Dowell, 1958), but the tubules were otherwise normal. In one specimen there 
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were areas of infiltration with eosinophile leucocytes and with lymphocytes ; 
this patient’s renal disease is thought to be due to pollen sensitivity, and is the 
subject of a separate report (Hardwicke, Soothill, Squire, and Holti, 1959). 


Treatment and Results 


All patients have been treated on a régime comprising: (1) Continuous corti- 
sone, in doses usually of 50 to 150 mg. daily, or 15 to 40 mg. of prednisone or 
prednisolone. (2) Oral penicillin V, 60 mg. twice daily. (3) Hypotensive drugs if 
the diastolic blood-pressure exceeded 100 mm. Hg. (4) Symptomatic treatment 
of hyperchloraemic acidosis or of any other disturbance of electrolyte balance. 
(5) High-protein, low-salt diets while the oedema and proteinuria persisted. 


Clinical results 


The success of treatment can be assessed by a number of criteria: (1) A reduc- 
tion of proteinuria, with consequent rise in serum albumin and loss of oedema, 
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Fic. 1. Progress of functional tests in three types of renal lesion on cortisone 
therapy. 


The points are the mean of all patients ; each point represents two to six 
patients. 
leading finally to a restoration of the normal serum-protein pattern. (2) Improve- 
ment of the creatinine clearance, or at least maintenance at levels found before 
treatment. (3) Improvement in anaemia, if it was present before treatment. 
This has been notable in a number of cases, the rise in packed cell volume 
sometimes preceding any definite decrease in proteinuria. (4) Survival over a 
prolonged period. This is often associated with improved well-being and regres- 
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sion of oedema sufficient to permit return to work. Follow-up periods are so far 
short in many cases, and this criterion must be assessed in the light of the 
knowledge that many patients may survive three to five years untreated (Ellis, 


II 


Results with Continuous Cortisone Therapy related to the Histological Lesion 
found in Patients with the Nephrotic Syndrome 


Membranous _ Proliferative Chronic 
glomerulo- * Minimal’ 
nephritis changes 


Progress of Patients on Continuous Cortisone Therapy 


Serum Creatinine Red cells 

Mazimum albumin Proteinuria clearance in urine 

Case number Sex and dose Duration (g./100 ml.) (g./day) (ml./min.) (10*/24hre.) 

and diagnosis age (mg./day) (months) (1) (2) qd) (2) ql) (2) (1) (2) 
Membranous 
glomerulo- 
bephritis 


42 
45 
25 
39 
48 
58 


seress 


F 
M 
M 
M 
M 
M 


BREESE 
=: S485 


a 


(1) and (2) = First and last examinations respectively. 
P = Prednisolone, 


1942). A condensed progress chart of the histological groups is shown in Fig. 1, 
and the progress is analysed in Tables II and III. Considerable differences are 
apparent between the groups, even in this small series: 


Membranous group. Two patients have died in this group. The remaining 


Result 
Improved: 
rapidly ° ° ° 0 2 1 4 
slowly . ‘ 0 2 0 2 
Noresponse . ° ° 4 0 0 0 
Died 2 2 2 0 
Total . ‘ ° e 6 6 3 6 
III 
1 . 
2 
3 
4 
5 
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glomerulo- 
nephritis 
7 
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10 
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Chronic 
glomerulo- 
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14 F29 P 20 25 11 32 13 4 18 49 
15 Fis €100 27 8 48 27 
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four have not responded well to treatment; proteinuria has persisted, usually 
with little or no reduction, and hypo-oncotic oedema is still present in all, while 
the creatinine clearances show a steady decline. In spite of this disability the 
surviving patients are all working. Though patients are symptomatically im- 
proved on this régime, it does not appear that they respond to cortisone ; further 
trial, if possible with controls, is necessary to determine whether cortisone pro- 
longs life or reduces morbidity. 

Proliferative group. Two patients in this group have died, while the other four 
have shown a satisfactory response, though residual proteinuria remains in all. 
One patient died after only 14 days of treatment in dosage which may have been 
inadequate to control the disease. The other was treated with large doses of 
cortisone (up to 300 mg. daily) for four months, and failed to show a response. 
In the cases showing satisfactory responses the suppression of proteinuria may 
be very slow, taking three to eight months before falling to levels at which 
oedema is lost and the serum albumin can increase. 

Chronic group. In this small group two patients have died, while one has 
shown a very marked improvement, with diminution in proteinuria, resolution 
of oedema, and steady improvement of creatinine clearance. 

‘ Minimal’ group. All patients in this group have shown satisfactory responses. 
Most have shown a rapid fall in proteinuria, with a return to clinical normality. 
Only in patients in this group has the urine become protein-free. 


Effect of treatment on the renal lesions 


Follow-up histological material is available in only four patients. The first, 
a man aged 40, is not included in the series, as he never had a nephrotic syn- 
drome. In this patient acute nephritis followed a staphylococcal empyema ; the 
disease followed a progressive course, and biopsy six months after the acute 
attack showed severe proliferative glomerulonephritis with fibro-epithelial 
crescents, interstitial fibrosis, and oedema (Plate 23, Fig. 14a). Continuous corti- 
sone therapy produced a slow clinical and biochemical remission. A second biopsy 
was performed two years after the first, and when renal function had been good 
for over a year (Plate 23, Figs. 145, 14c). In this specimen some glomeruli are 
normal ; there is a small ischaemic scar with several completely hyalinized tufts, 
while the majority of glomeruli show small areas adherent to the capsule and 
associated with irregular deposits of periodic-acid-Schiff positive material in the 
tuft. In many glomeruli the capillaries show gross and irregular focal dilata- 
tions. The most striking feature is the absence of diffuse fibrosis throughout the 
specimen, and the almost complete disappearance of the crescents seen in the 
first biopsy. Of the three nephrotic patients, the first shows some features simi- 
lar to the case described above. He was a man aged 47, who developed massive 
proteinuria and the nephrotic syndrome in January 1955; cortisone therapy 
produced a slow remission, with reduction in proteinuria and disappearance of 
oedema. He remained at work and well until January 1958, when he developed 
acute bronchitis, and died within 36 hours of admission to hospital. At autopsy 
the kidneys were normal to naked-eye examination (weight 350 g.) ; microscopi- 
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cally they showed infiltration of the glomerular tufts which was even more 
marked than in the last-mentioned case; again this material was hyaline and 
strongly periodic-acid-Schiff positive, and many glomeruli were completely 
hyalinized. There was once more a striking absence of interstitial fibrosis 
(Plate 24, Fig. 15). In the first of these two cases proliferative glomerulonephritis 
was demonstrated histologically by biopsy. In the second, in which only 
autopsy material was available, this diagnosis is suggested by the presence of 
fibrotic crescents in some of the glomeruli. The periodic-acid-Schiff positive 
material was similar in both cases, and reminiscent of diabetic glomerular 
lesions (Kimmelstiel and Wilson, 1936; Gellman, Pirani, Soothill, Muehrcke, 
and Kark, 1959); the absence of fibrosis was striking. In the first case such a 
high proportion of gomeruli was shown to be involved on the first biopsy that 
it seems probable that cortisone arrested the disease process in many of them, 
and that partial recovery of structure has occurred. The unusual hyalinization 
is possibly a cortisone-modified end-result in the most severely damaged glome- 
ruli. Although there was separation of the tubules in the follow-up biopsy, and 
small numbers of fibroblasts were present, cortisone was presumably responsible 
for the slightness of interstitial fibrosis. 

The deposition of periodic-acid-Schiff positive material in the glomerular 
capillaries is not the direct result of prolonged cortisone therapy alone. This is 
illustrated by a case of disseminated lupus erythematosus. The patient was 
acutely ill when first seen, and required over 1,000 mg. of cortisone daily to 
control his disease. There was slight proteinuria, and a biopsy showed only 
minimal proliferative glomerular changes. A full remission was induced with 
cortisone, but it was necessary to maintain the dose at 200 mg. daily to prevent 
relapse. The patient returned to full work as a labourer, and died of an acute 
pulmonary infection three years later. Through the courtesy of Dr. R. S. 
Weetch we have been able to examine the autopsy material in this case, and 
there is no evidence of any deposition such as was seen in the last two cases 
described above. 

The fourth case was a man aged 45 (Case 2), who developed oedema of insi- 
dious onset, associated with massive proteinuria, in June 1956. In spite of corti- 
sone in doses of up to 300 mg. daily, there was no reduction in proteinuria, and 
the creatinine clearance declined steadily and slowly. The first biopsy specimen, 
taken in July 1956, shows ‘minimal’ changes ; though there is some increase in 
prominence of the capillary loops at the periphery of the tuft, periodic-acid- 
Schiff stain shows no definite thickening of the basem-nt membrane. Bio- 
chemical and other tests gave results found in the ‘minimal’ group. The second 
biopsy specimen, taken in February 1958, shows v..ickening of the basement 
membrane (Plate 24, Figs. 16a, 16b), and the test results have become those 
characteristic of membranous glomerulonephritis. This patient is so far the only 
one who has failed to respond to treatment among those subjected to second 
biopsy. He has since died, and autopsy revealed old renal vein thrombosis (see 
Appendix). 

Except in Case 2 just described, no second biopsies have yet been done in our 
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patients with ‘minimal’ change. Other workers have recently reported that the 
changes seen on electron microscopy are reversed rapidly with successful corti- 
sone treatment (Pollak, 1958) concurrently with clinical remission. Kark, 
Pirani, Pollak, Muehrcke, and Blainey (1958) have reported the return to normal 
of the engorged and dilated capillaries. 


Clinico-Pathological Correlation 
Histological examination has shown that the patients here described can be 
classified into four groups, and that the diagnosis obtained is relevant to the 
prognosis in patients given continuous steroid therapy. Renal biopsy is not 
always possible, and it would be of considerable value if such cases could be 
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M = Membranous alb. = albumin 
P = Proliferative fib. = fibrinogen 
C = Chronic chol. = cholesterol 
N = ‘Minimal’ 
Fic. 2. Plasma-protein changes associated with four types of renal 
lesion. 
The mean and range of values for each group is shown. All analyses 
were made while the serum albumin was below 2-0 g. per 100 ml. The 
normal range of values is shaded. 
diagnosed on the basis of laboratory tests alone. A number of investigations 
have been carried out in these patients, and have been re-examined in the hope 
that specific changes might be seen in association with the different histological 
lesions. The series is small, and conclusions must therefore be regarded as provi- 
sional. All patients were examined during the acute phase at intervals of three 
to four weeks, and later at monthly or three-monthly intervals. 

1. Serum-protein changes. Characteristic changes in the serum constituents 
occur in the nephrotic syndrome (Hardwicke, 1954). It has been previously 
shown that the serum levels of fibrinogen, cholesterol, and «,-globulins in this 
condition are highest when the serum-albumin concentration is most depressed, 
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and that the decrease in serum albumin is directly proportional to the daily loss 
of albumin in the urine in the majority of patients (Squire, 1955; Squire, 
Blainey, and Hardwicke, 1957). Mean values have been calculated from all the 
patients in whom a histological diagnosis has been obtained (Fig. 2). Irrespec- 
tive of diagnosis, the serum-protein changes appear again to be most closely 
related to the decrease in serum albumin. It has been suggested that a high 
level of serum cholesterol may indicate a better prognosis in the nephrotic syn- 
drome (Kark, Muehrcke, Pirani, and Pollak, 1955); in the present series the 
highest values for serum cholesterol were found in the ‘minimal’ group ; as has 
been seen, this group of patients responded to treatment better than any other. 
The lowest cholesterol values are seen in membranous glomerulonephritis, in 
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ELECTROPHORETIC GLOBULIN FRACTIONS 


M = Membranous C = Chronic 
P = Proliferative N = ‘Minimal’ 


Fic. 3. Electrophoretically determined relative protein clearances in the 
four types of renal lesion. 

The letters represent the mean, and the lines the range, of values found. 
All analyses were made while the serum albumin was below 2-0 g. per 100 ml. 


which response to treatment is disappointing. With regard to individual 
patients, there is too much overlap between the groups for useful conclusions 
to be drawn. 

2. Protein clearances. Evidence has previously been obtained that any re- 
absorption in protein from the glomerular filtrate is non-selective in respect of 
the different fractions of serum protein (Hardwicke and Squire, 1955). This 
implies that the relative proportions of the protein fractions are the same in the 
urine and in the glomerular filtrate ; a comparison of the urine/plasma ratios for 
the different fractions will therefore give evidence as to the relative permeability 
of the glomerulus to the serum-protein fractions of different molecular weights. 
When these clearances are expressed in relation to albumin, which is of a con- 
stant and known molecular weight (Rowe, 1957), a quantitative estimate of the 
scatter of ‘pore’ size in the glomerular membrane can be deduced. By using 
the less specific electrophoretic separation, differences could be demonstrated 
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distinguishing acute glomerulonephritis (in which high relative clearances of 
the a,-globulins of large molecular weight, and of 8-globulins, were found) from 
the less acute forms of renal disease associated with the nephrotic syndrome, in 
which the glomerulus appeared to be much more selective (Hardwicke and 
Squire, 1955). In the series of nephrotic patients reported here, electrophoretic 
clearances failed to show any striking difference between the groups (Fig. 3), 
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Fic. 4. Immunologically determined relative protein clearances in 
three types of histological lesion. 
Points are the mean of all analyses made in the respective groups. 

C, complement has been assigned a molecular weight of 250,000 

arbitrarily. 
though there is a suggestion of greater selectivity in the ‘minimal’ group. The 
inadequacy of this test is not altogether surprising in view of the heterogeneity 
of each of the electrophoretic globulin fractions, only y-globulin being in any 
way pure. 

Some more significant variations can, however, be shown from specific im- 
munological clearances. Serum and urine concentration ratios of six serum 
proteins, selected to provide a range of molecular weights, were obtained by a 
titration technique using specific rabbit antisera. By this method it has been 
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established that the clearances vary in proportion to the molecular weights in 
the order: 


Albumin > siderophilin > y-globulin > complement C, > a,-glycoprotein > 
B-lipoprotein, 

or 

69,000 > 90,000 > 150,000 > ? > 840,000 > 1,000,000—2,500,000. 

[All molecular weights taken from Schultze, Gollner, Heide, Schénenberger, 
and Schwicke (1955).] 


TaBLe IV 


Urinary Red-cell Counts 
(Millions per 24 hours) 
Membranous 


Range 1-—3,000* 7-216 


All counts were obtained while the serum albumin was below 2-0 g. per 100 ml., but in a 
number of patients treatment with steroids had started. 


* See Table III for individual case values. 


The mean values from three of the groups of cases (so far no information is 
available in the ‘chronic’ group) are plotted in Fig. 4 on a double logarithmic 
scale, and for each diagnosis a clear relationship is shown between molecular 
weight and relative clearance (the dimensions of the C, component of comple- 
ment are not known, and it has been assigned an arbitrary value of 250,000). 
These group-average results show a clear differentiation, the membranous group 
being the least selective and the ‘minimal’ the most selective. In spite of the 
fact that the total loss of protein was comparable in all these groups, in the 
membranous group a lower proportion was albumin, and a higher proportion 
globulin, than in patients with ‘minimal’ changes. 

3. Addis counts. Full counts of urinary formed elements have been obtained 
in all cases. Occasionally high polymorphonuclear counts, in excess of the red 
blood-cell count, have suggested intercurrent pyelonephritis. Neither the 
presence of casts nor their type has proved of diagnostic value in these patients. 
The most valuable test has been the red-cell count, and Table IV shows the 
values obtained. Although there is considerable overlap between the groups, 
low counts prior to treatment were very unusual from patients with proliferative 
changes, while counts in excess of 30,000,000 per 24 hours have not been ob- 
tained from ‘minimal change’ patients, and it was unusual for patients 
with membranous glomerulonephritis to have counts in excess of 100,000,000 
per 24 hours. 

4. Creatinine clearances. Nearly all patients with membranous glomerulo- 
nephritis have shown a reduction in creatinine clearance, though initially this 
reduction has seldom been to below 50 per cent. of normal. Proliferative glome- 
rulonephritis often shows normal or slightly raised values during the acute 
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phase, but the clearance may fall markedly as the acute attack passes off or 
comes under the influence of treatment. The most notable feature of this test 
has been the normal values obtained in patients with ‘minimal’ changes ; although 
first analyses may show considerable depression (Case 20), the clearance rapidly 
returns to normal with treatment. 


MEMBRANOUS PROLIFERATIVE ‘MINIMAL’ 
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Fie. 5. Results of biochemical analyses correlated with histological diagnosis. 
All analyses were made while the serum albumin was below 2.0 g. per 100 ml. Some 
patients were receiving steroid therapy at the times of analysis. 


Value of clinico-pathological data. Analysis of these data suggests that they 
can be very helpful in diagnosis. Figs. 5 and 6 show the results of a number of 
tests. As regards proteinuria and creatinine clearance, it will be seen that the 
‘membranous’ group is most abnormal, showing the highest protein and the 
lowest creatinine clearances, while the ‘minimal’ group deviates least from nor- 
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mality. The most helpful tests have proved to be the immunological clearances 
of protein fractions relative to albumin, and of these the y-globulin, C,-comple- 
ment, and a,-globulin clearances are the most diagnostic ; there is some overlap 
between the results from the three histological groups, but when the clearance 
tests are examined in conjunction it is usually possible to form a provisional 
diagnosis. Table V summarizes the limiting values we would propose for the use 
of these various tests in diagnosis ; the figures in parentheses show the number 
of occasions on which the individual test was compatible with the histological 
diagnosis. 
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Fic. 6. Immunologically determined protein clearances in individual patients 
with three types of histological lesion. 

Using a combination of these tests retrospectively, a correct diagnosis was 
achieved in all the six ‘minimal’ cases. A correct diagnosis was again obtained 
in all six patients with membranous glomerulonephritis ; in Case 2 the findings 
were consistent with ‘minimal’ changes on first examination ; this patient has 
been discussed on page 241. Proliferative changes are more difficult to diagnose, 
since intermediate values are obtained, but even in this group the tests gave the 
correct diagnosis in five out of nine examinations in the six cases; in a further 
three the results were indeterminate, while in only one were they misleading. It 
must be emphasized that other conditions affecting the kidney, and diagnosable 
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by separate criteria, must first be excluded; the findings in a group of such 
patients, with orthostatic proteinuria and with renal vein thrombosis, were 
indistinguishable from those of membranous glomerulonephritis, though in the 
latter condition an excess of red cells may be found in the urine. High relative 
clearances of all the globulins may also be found in acute nephritis and in dis- 
seminated lupus erythematosus (Soothill, 1960), usually associated with gross 
haematuria and markedly depressed serum-complement values (Ellis and 
Walton, 1958). 


TABLE V 
Provisional Table of Clinico-Pathological Data Likely to be Useful in Predicting 
Renal Histological Changes Present in the Nephrotic Syndrome 
Proliferative 
glomerulo- ‘Minimal’ 
Test iti. nephritis changes 
Immunological y-globulin > 50 (10/13) 12-50 (8/8) O-ll (6/7) 
clearances 
(as % of albumin 
clearance 


a,-globulin 1-30 (10/12) 1-12 (7/8) 0 (7/7) 


C, complement > 25 (7/7) 0-25 (8/8) 90 (6/8) 
Electrophoretic y-globulin clear- 

ance (as % of albumin clearance) > 25 > 25 < 25 
Urinary red cells (millions 24 hours) 2-80 (23/29) > 80 (16/26)* 0-25 (12/13) 


Figures in parentheses show the proportion of correct diagnoses which were obtained in the 
single test using the stated criteria. 
* Many of the misleading results occurred in patients receiving steroid therapy when 
tested. 


Discussion 

It has been realized for some time that the nephrotic syndrome is a condition 
of multiple aetiology. The series of patients reported here emphasizes this point 
yet again, and biopsy has been of great value in identifying some of the cases 
of doubtful aetiology, particularly cases of amyloid disease. In all the cases 
reported in the present paper biopsy was considered necessary in order to estab- 
lish the diagnosis ; in only 75 per cent. of these cases was one of the forms of 
glomerulonephritis found. 

The histological changes were found to agree broadly with lesions described 
in autopsy material. ‘Minimal’ changes were described by Dunn (1934) in 
children, and in a few adults, who died with a nephrotic syndrome; more 
recently a specific histological lesion has been found by electron microscopy 
both in children and in adults. The name of ‘true lipoid nephrosis’ has been 
applied to these cases and, as Dunn pointed out, this will presumably have to 
be changed if the lesion proves to be purely glomerular. The effect of cortisone 
therapy in this group is very promising ; six patients in the present series have 
responded well, four rapidly and two slowly. It appears that reduction or aboli- 
tion of proteinuria can usually be predicted in this group; from our clinical 
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experience it is believed that treatment with cortisone should be prolonged, and 
that the drug should not be withdrawn while proteinuria persists. Even with 
complete abolition of proteinuria the indications for discontinuing steroid treat- 
ment remain uncertain, and treatment should continue for at least three to five 
years ; failure to observe this rule has often resulted in relapse, and the relapse 
may be more refractory to treatment than the initial attack. 

Proliferative changes show two types of lesion affecting the glomerular tuft: 
first, the classical crescent formation of ‘subacute azotaemic glomerulonephri- 
tis’, and second, more focal proliferative changes within the tuft ; both may be 
seen concurrently in the same patient. Recent work has emphasized how closely 
some of the proliferative lesions described in the present paper resemble the 
renal changes seen in a number of systemic diseases (Joekes, Heptinstall, 
and Porter, 1958); these changes (focal necrosis of the tuft, localized adhesions 
and infiltrations in the glomerulus) have been described as ‘focal glomerulo- 
nephritis’, but we should like to make a plea for a return to the older name of 
proliferative glomerulonephritis for this group, since the term ‘focal glomerulo- 
nephritis’ is more commonly associated with the patchy lesions, involving both 
glomeruli and tubules, encountered in subacute bacterial endocarditis and other 
septicaemic conditions, lesions which are more exclusively focal and inflam- 
matory than those described as proliferative in the present paper. We do not 
ourselves feel that the two types of proliferative lesion referred to above are 
sufficiently specific to justify separate classification. With regard to treatment, 
the group showing proliferative changes is of considerable interest; there is 
suggestive evidence that cortisone will arrest the destructive glomerulonephritis 
in some cases, and will inhibit the progress of fibrosis in glomeruli and inter- 
stitial tissues already affected. When fibrosis is arrested a characteristic histo- 
logical lesion appears, with partial destruction of the tuft, dilatation of the 
remaining capillaries, and heavy infiltration with periodic-acid—Schiff positive 
material. In spite of these changes the overall renal function shows surprising 
recovery, though some residual proteinuria remains. There is much work to be 
done in determining how consistent is the value of cortisone therapy in this 
group, and in assessing the dose levels required, which may well be higher than 
in other groups; in addition, it remains uncertain whether the damaged 
glomeruli will later become fibrotic if cortisone is withdrawn. The reduction 
in proteinuria on cortisone treatment in this group is often very slow, periods 
of six to eight months being not unusual before the excretion of protein is 
halved ; with such a slow response it is necessary to persevere with a treatment 
which at first sight may seem ineffective. 

The ‘membranous’ group shows changes similar to those described by Bell 
(1929) and by Ellis (1942). In a large series described by Kark, Pirani, Pollak, 
Muehrcke, and Blainey (1958) some biopsies showed mixed proliferative and 
membranous lesions. We have considered diffuse thickening of the basement 
membrane, without evidence of proliferative changes, necessary to make the 
diagnosis of membranous glomerulonephritis, and all cases so described in this 
series could be confidently allocated to this group, though the severity of the 

8 


| 


250 J. BLAINEY, D. BREWER, J. HARDWICKE, AND J. SOOTHILL 


lesions varied considerably from case to case. The response to cortisone (the 
dosage not usually exceeding 200 mg. daily) in our group has been disappoint- 
ing ; all four surviving patients have shown slow deterioration in renal fnction. 
Some symptomatic improvement has been obtained, but proteinuria has con- 
tinued undiminished, and the creatinine clearance has usually shown a slow 
decline. Prolonged trial would be necessary to determine whether cortisone 
slows the rate of deterioration. While the present series confirms the poor pro- 
gnosis given by Ellis for these patients, they form only a very small proportion 
of cases of oedema of insidious onset with proteinuria. In the whole series of 
29 patients discussed in the present paper, 24 had oedema of insidious onset 
without gross haematuria or a history of previous nephritis ; on these grounds 
the majority might well have been diagnosed as having ‘type 2 nephritis’, but 
only six (20 per cent.) showed membranous changes on biopsy. It is to be noted 
(see Case Summaries) that two of the patients in this group who have died were 
found to have recent thrombosis involving the renal venous drainage. 

Chronic nephritis responds strikingly to cortisone in occasional cases (two out 
of eight among all the patients studied in this Unit) ; for this reason continuous 
steroid therapy is worthy of trial for an adequate period in all such cases. 

Laboratory tests have proved of great value in following the course of the 
disease. Initially the proteinuria is watched carefully, and the dose of cortisone 
increased until a definite diminution is obtained in the 24-hour urinary loss of 
protein ; in most cases it is only when some reduction in proteinuria is obtained 
that an increase in serum albumin and a diuresis can occur. As a long-term test 
the creatinine clearance has proved of greatest value ; declining values are the 
best indication of increasing renal insufficiency. Some patients show prolonged 
or transitory disorders of electrolyte control, and frequent serum and urinary 
analyses are necessary to avert an occasional disaster. Daily observation of 
blood-pressure is also called for in the early stages of treatment, and whenever 
the dose of steroid is changed. Quite apart from the above tests, which are use- 
ful in the day-by-day and year-by-year management of the patient, a number 
of other tests have produced results which are helpful in diagnosis and iuterest- 
ing in throwing some light on the functional nature of the renal lesion. Previous 
work with renal clearances of serum proteins showed considerable differences 
between different types of renal disease in the permeability of the kidney to 
proteins of varying molecular weights (Hardwicke and Squire, 1955). Similar 
analyses, confined to the patients who were selected as having the nephrotic 
syndrome, failed to produce any differentiation between the histological types 
encountered. Specific immunological clearances, however, have proved much 
more helpful, and have been shown to differentiate clearly between the ‘mini- 
mal’ group and the other two, and to be capable of diagnosing membranous 
change in the majority of cases. Further cases are being examined to determine 
the limits of this method of diagnosis. From the more theoretical point of view, 
membranous glomerulonephritis is associated with the least selective type of 
proteinuria, and only in this condition do appreciable amounts of 8-lipoprotein 
and a,-glycoprotein appear in the urine. Proliferative glomerulonephritis, in. 
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spite of some cases which show large numbers of red blood-cells in the urine, is 
intermediate, while ‘minimal’ cases show the most selective clearances, all the 
proteins of high molecular weight being excluded from the urine. More work is 
proceeding to clarify the underlying significance of these results in relation to the 
histological lesion. 

The aetiology of the renal changes seen in these patients remains obscure. 
Three main histological types, in addition to the less specific ‘chronic’ changes, 
have been described fully in this paper, but whether they represent three 
different diseases or variants of one or more diseases remains uncertain. Con- 
siderable histological difference is seen between the kidneys of patients with 
proliferative and those with membranous changes ; their response to treatment 
is also different, and in the few patients subjected to repeated biopsy the histo- 
logical differences become even more marked after treatment. It has recently 
been shown that antibodies to at least two different components of isolated 
glomeruli have individual nephrotoxicity in animal experiments (Scott, 1957 ; 
Cruickshank, 1959); and it is possible that the two types of histological lesion 
seen in human disease are the result of circulating antibody, which is damaging 
to one particular part of the glomerulus. Staining biopsy material with specific 
fluorescent antibodies may show whether this theory is tenable. In at least one 
case it has proved difficult to differentiate ‘minimal’ from membranous change 
and, in spite of the marked difference in their response to cortisone, it is not yet 
possible to state that they are two different conditions, aetiologically unrelated. 

Proteinuria of insidious onset in adults, associated with the nephrotic syn- 
drome, has in the past been given a very gloomy prognosis ; with the advent of 
steroid therapy combined with prophylactic penicillin the outlook is not nearly 
so bad. Of the 21 patients in whom there was evidence that the renal disease 
was primary, and who have been followed for six to 36 months, five have re- 
covered completely while still receiving cortisone therapy, and five have shown 
clinical recovery with some residual proteinuria. Four more patients have been 
restored to an active life, though with some oedema ; the condition of one patient 
cannot yet be assessed, and six have died. In spite of the smallness of the series, 
we now feel justified in giving a much more hopeful prognosis to most adult 
patients with the nephrotic syndrome than was hitherto generally believed 


possible. 
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APPENDIX 


1. Representative Case Summaries 


DEPARTMENTAL numbers enable patients to be identified when cited in other 
publications. Through the courtesy of the Librarian, copies of the remaining 
case summaries may be obtained on application to the Medical School Library, 
Birmingham University. 


Case 3 (Dept. No. B. 12). The patient was a male motor mechanic aged 25. 
Oedema developed insidiously in December 1957, after a pyrexial illness with 
slight sore throat in October 1957, during the influenza epidemic. There was no 
haematuria. Short courses of chlorothiazide, corticotrophin, dextran, neptal, 
ion exchange resins, and cortisone were ineffective. Numerous paracenteses 
were required. 

Condition when first seen by us (14.4.58). There was gross oedema of the legs, 
trunks and arms, ascites, and bilateral pleural effusions. The blood-pressure 
was 125/75. The ocular fundi were normal. The patient weighed 70 kg. The 
packed cell volume was 36 per cent., white cells 12,600 per cu. mm. (polymorphs 
70 per cent., lymphocytes 25 per cent., monocytes 5 per cent.). No L.E. cells 
were seen. Serum sodium was 130 m-equiv., potassium 3-9 m-equiv., and 
chloride 99 m-equiv. per litre ; urea 23 mg., creatinine 0-58 mg., albumin 1-09 g., 
and cholesterol 550 mg. per 100 ml.; serum complement 1-18 units per ml. 
Urine protein was 19-4 g. in 24 hours, and creatinine clearance 110 ml. per 
minute. Addis count: red cells 52,000,000, white cells 113,000,000, hyaline casts 
5,600,000, granular casts 200,000 in 24 hours. Cellular casts and lipid cells were 
also seen. 

Renal biopsy. Membranous glomerulonephritis. 

Progress and treatment. In hospital he was given a high-protein, low-salt diet, 
cortisone in doses gradually increasing from 100 mg. to 150 mg. daily, and peni- 
cillin 60 mg. twice daily. There was no evidence of improvement in oedema or 
proteinuria. Creatinine clearance fell to 40 ml. per minute. Paracenteses of the 
legs and abdomen were necessary. He had several boils, from which a coagulase- 
positive staphylococcus was grown on culture. He complained of excessive 
salivation, with difficulty in swallowing. Chest X-rays showed consolidation of 
the apex of the left lower lobe, which partially resolved. On 9.7.58 he com- 
plained of pain in the right thigh, and his temperature rose to 99° F. Leg vein 
thrombosis was diagnosed, and he was given heparin. On 11.7.58 he complained 
of severe lower abdominal pain after a paracentesis, and died suddenly. 

Autopsy. There were gross generalized oedema, epicardial haemorrhages, and 
ante-mortem thrombosis in the right femoral vein, iliac vein, and inferior vena 
cava to the level of the diaphragm, extending into both renal veins (adherent 
in the right, less so in the left vein). There were fibrous pleural adhesions over 
the lower lobe of the left lung, and occasional subpleural petechial haemorrhages 
with an underlying (?) old abscess cavity. The kidneys were pale and enlarged. 


Case 12 (Dept. No. B. 11). The patient was a housewife aged 23. Hyperten- 
sion was noted in July 1957, three weeks before the termination of a pregnancy. 
Oedema and proteinuria were not found. A normal child was born after induction 
of labour. The patient was well until November 1957, when oedema of both 
ankles developed, and was associated with macroscopic haematuria, proteinuria, 
and hypertension. 

Condition when first seen by us (31.12.57). The blood-pressure was 160/80. 
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There was no oedema, and the patient weighed 37 kg. The packed cell volume 
was 42 per cent. ; white cells 6,800 per cu.mm. (polymorphs 67 per cent., eosino- 
phils 1 per cent., lymphocytes 38 per cent., monocytes 2 per cent.). Serum 
urea was 26 mg., creatinine 1-2 mg., albumin 2-07 g., and cholesterol 360 mg. 
per 100 ml.; serum complement 1-68 units per ml. Urine protein was 11 g. in 
24 hours, and creatinine clearance 72 ml. per minute. Addis count: red cells 
878,000,000, white cells 80,000,000 in 24 hours, and no casts. 

Renal biopsy. Proliferative glomerulonephritis. 

Progress and treatment. She was given a high-protein, low-salt diet, oral peni- 
cillin, and cortisone 100 mg. daily, rising to 150 mg. daily. The proteinuria fell 
to about 5 g. per day, oedema cleared, serum albumin rose to 3-3 g. per 100 ml., 
and creatinine clearance was well maintained. The blood-pressure has remained 
slightly raised, and the patient gained weight with ‘moon’ face, plethora, and 
hirsuties. This condition improved on a smaller dose of cortisone (125 mg. daily), 
and she remains well. 


Case 14 (Dept. No. C. 24). The patient was a housewife aged 29. When four 
years old she had acute nephritis after scarlet fever. She apparently recovered 
satisfactorily. She had two normal pregnancies. In August 1956 oedema 
developed after an upper respiratory tract infection. Short courses of cortisone 
and ion exchange resin, with a low-sodium diet, did not improve the oedema, 
and malignant hypertension developed, for which she was given pentapyrro- 
lidinium. 

Condition when first seen by us (14.8.56). There was moderate oedema of the 
ankles and sacrum. The blood-pressure was 190/130. No evidence of cardiac 
failure was present. There was a soft systolic cardiac murmur. The retinal 
arteries were tortuous, nipping the veins, and the optic disks blurred, but there 
was no papilloedema. The patient weighed 55 kg. The packed cell volume was 
34 per cent., and white cells 8,000 per cu.mm. (polymorphs 58 per cent., eosino- 
phils 1 per cent., lymphocytes 39 per cent., monocytes 2 per cent.). The serum 
sodium was 138 m-equiv., potassium 3-1 m-equiv., and chloride 122 m-equiv. 
per litre; bicarbonate 33 vols. per cent. ; urea 68 mg., creatinine 2-92 mg., and 
albumin 1-12 g. per 100 ml. Urine protein was 13 g. in 24 hours; glycosuria was 
present, and the glucose-tolerance curve was normal, Creatinine clearance was 
23 ml. per minute. Addis count: red cells 9,000,000, white cells 23,000,000, and 
hyaline casts 400,000 in 24 hours. 

Renal biopsy. Chronic glomerulonephritis. 

Progress and treatment. On a high-protein, low-sodium diet, prednisolone 
20 ml. daily (later reduced to 5 mg. daily), penicillin (and short courses of tetra- 
cycline and streptomycin), and control of hypertension by pentapyrrolidinium 
and, later, mecamylamine, a gradual but remarkable improvement occurred. 
Proteinuria fell to 4 g. per 24 hours, serum albumin increased to 4-0 g. per 
100 ml., and creatinine clearance rose to 38 ml. per minute. The patient is 
symptom-free and doing a full day’s housework. 


Case 16 (Dept. No. D. 28). The patient was a schoolgirl aged 10. Oedema 
developed insidiously in May 1958, in the ankles, face, and hands. There was no 
haematuria or previous infection. 

Condition when first seen by us (5.6.58). The throat was congested. There 
were three ‘spider’ naevi. The blood-pressure was 120/85, and the ocular fundi 
were normal; the patient weighed 33 kg. The packed cell volume was 34 per 
cent., and white cells 13,000 per cu.mm. (polymorphs 67 per cent., lymphocytes 
29 per cent., monocytes 2 per cent., eosinophils 2 per cent.). Serum sodium was 
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142 m-equiv., potassium 4-6 m-equiv., and chloride 106 m-equiv. per litre ; urea 
20 mg., creatinine 0-88 mg., albumin 0-93 g., and cholesterol 600 mg. per 100 
ml. ; serum complement 0-91 units per ml. Urine protein was 11-4 g. in 24 hours, 
and creatinine clearance 36 ml. per minute. The urinary deposit contained a 
few red cells, a moderate number of leucocytes, and occasional hyaline casts. 

Renal biopsy. Minimal changes only. 

Progress and treatment. She was given a high-protein, low-sodium diet, with 
oral penicillin, and cortisone in doses increasing to 100 mg. daily. When the 
latter dose was reached on 28.7.58 there was a sudden decrease in proteinuria, 
followed by a diuresis and a loss of 4 kg. in weight. She became free of oedema. 
‘Moon’ face, plethoric appearance, and hirsuties developed, but these changes 
regressed when the dose was reduced to 50 mg. daily. The serum albumin has 


risen to 3-75 mg. per 100 ml., cholesterol has decreased to 138 mg. per 100 ml., 
and she has returned to school. 


2. Table of Histological Changes in Biopsy and Autopsy Specimens 


Biopsy. Marked diffuse thickening of glomerular basement membrane. Tubules 
normal. Only a few small areas of periglomerular fibrosis. 


Ist biopsy. Few small glomerular adhesions ; doubtful thickening of glomerular 
basement membrane. Slight diffuse interstitial fibrosis and mild lymphocytic 
infiltration. 2nd biopsy. Small specimen. Diffuse increase of interstitial fibrous 
tissue. Moderate diffuse thickening of glomerular basement membrane. Early 
atrophy of a few glomeruli. 

Autopsy. All glomeruli show thickening of the basement membrane, more 
marked than in the second biopsy. Post-mortem autolysis of the tubules, but 
the epithelium appears atrophic. Fine diffuse increase in interstitial tissue. 
Blood-vessels normal. 


Biopsy. Thickening of basement membrane of all the glomeruli. A few have 
adhesions and focal hyaline areas. Hyaline droplet change of the tubules. 
Autopsy. Thickening of glomerular basement membrane. Many small glo- 
merular adhesions. Tubules dilated and lined by very flat epithelium. Slight 
diffuse increase in interstitial tissue. 


Biopsy. Marked diffuse thickening of basement membrane of all glomeruli. 
Early periglomerular fibrosis, and atrophy of a few glomeruli and tubules. 


lst biopsy. Moderate diffuse thickening of glomerular basement membranes. 
Fine diffuse interstitial fibrosis, more marked about glomeruli. 2nd biopsy. 
Thickening of glomerular basement membrane more marked, with small peri- 
pheral hyaline nodules in glomeruli. Fine interstitial fibrosis, with possible 
pyelonephritic scar. 


Biopsy. Marked thickening of glomerular basement membrane, fibrillary in 
some areas. Groups of pale vacuolated cells in some glomeruli. Moderate dif- 
fuse increase in interstitial tissue. Hyalinization of glomerular arterioles. A few 
completely hyalinized glomeruli. 

Autopsy. Glomeruli show more severe damage; in addition, solid focal areas 
of hyaline thickening resembling chronic lobular glomerulonephritis. These 
areas appear to be obliterated capillaries. Other capillaries are dilated. More 
mature interstitial fibrosis. Fairly marked hyaline thickening of arterioles. 


Biopsy. Active focal glomerulitis with small areas of necrosis, some of which 
show healing. Glomerular adhesions present. Group of finely vacuolated cells 
in several glomeruli. No fibrosis. No vascular change. 


* In these two patients renal vein thrombosis was found at autopsy. 
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lst biopsy. Focal glomerulitis with necrosis. Small glomerular adhesions ; one 
or two epithelial crescents. Patchy interstitial fibrosis. 2nd biopsy. Only a few 
glomeruli present. They show capsular adhesions, with areas of focal thicken- 
ing in the tuft. Dilatation and marked hyaline droplet change in proximal 
convoluted tubules. 


Biopsy. Most glomeruli have fibro-epithelial crescents. A few have small areas 
of necrosis. Early interstitial fibrosis, and lymphocytic infiltration. 


Biopsy. Acute focal necrotic glomerulitis. Fine capsular adhesions. One or 
two epithelial crescents. 


Biopsy. Numerous cellular epithelial crescents. Few focal necroses of glo- 
meruli. Hyaline droplet change of tubules. 

Autopsy. Most glomeruli show adhesions and proliferation of epithelial cells ; 
the crescents are much less striking than in biopsy. Tubules dilated and lined 
with flattened cells. Diffuse increase in fine loose interstitial fibrous tissue. 


Biopsy. Many glomeruli have adhesions, with small epithelial crescents. 
Marked hyaline droplet change in tubules. 


Biopsy. Glomerular adhesions. Patchy Gittins of glomerular basement 
membrane. A few small fibrous epithelial crescents. Diffuse interstitial fibrosis 
separating atrophic tubules. 

Autopsy. Many small glomerular adhesions. Only a few small epithelial 
crescents. More diffuse interstitial fibrosis. All tubules lined by atrophic 
epithelium, and many showing ischaemic atrophy. 


Biopsy. Complete hyalinization of most glomeruli. Others have capsular adhe- 
sions. Gross diffuse interstitial fibrosis, with marked tubular atrophy. 


Biopsy. Lobulation and severe hyalinization of glomeruli. Marked interstitial 
fibrosis. 


Biopsy. Only a small number of glomeruli. All appear normal, apart from 
slight fibrillary thickening affecting small areas of several glomeruli. Hyaline 


droplet change in tubules. 


Biopsy. Dilated glomerular capillaries. Slight pee fibrosis of one 
glomerulus. Otherwise normal. 


Biopsy. Glomeruli and tubules normal. 


Biopsy. Glomeruli slightly enlarged, with dilated capillaries. Hyaline droplet 
change in tubules. 


Biopsy. Glomeruli essentially normal. Hyaline droplet change in tubules. 
Small focal infiltrations of inflammatory cells, including eosinophils. (See 
Hardwicke, Soothill, Squire, and Holti, 1959.) 


Biopsy. Dilated glomerular capillaries. Otherwise normal. 


Summary 


1. Renal biopsies from 29 patients with a nephrotic syndrome have been 
examined by light microscopy. In 21 glomerulonephritis was diagnosed, and 
these patients could be subdivided into four groups: membranous, proliferative, 
and chronic glomerulonephritis, and a further group showing ‘minimal’ histo- 
logical change. 

2. Clinical and biochemical response to treatment with prolonged continuous 
cortisone was strictly correlated with the histological lesion. Patients with 
‘minimal’ changes recovered rapidly, those with proliferative changes responded 
more slowly (four out of six patients), while no patient with membranous lesions 
showed any response. One patient with chronic nephritis improved. 


12. B. 11 
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3. The effect of treatment on the histological lesions has so far been examined 
in only four patients. In two with proliferative changes there was a striking 
absence of fibrosis in the later specimen ; a glomerular lesion remained, though 
considerably modified. One patient progressed from ‘minimal’ to membra- 
nous change while under treatment; at autopsy he proved to have renal vein 
thrombosis. 

4. Possible diagnostic differences between the four groups have been looked 
for by scrutinizing numerous clinical and biochemical data. A new technique 
for quantitative immunological analysis of serum and urinary proteins has 
shown functional changes correlating with the histological lesions. Other tests 
are also useful in assessing progress and controlling treatment. 

5. The significance of these findings is discussed. Most of the cases could 
have been diagnosed clinically as ‘type 2’ nephritis; the serious prognosis 
attributed to this condition, however, was evident only in those patients who 
showed membranous changes on biopsy, and these patients comprised only 
20 per cent. of the whole series. In the remaining 80 per cent. evidence is 
presented suggesting that continuous cortisone therapy has been effective in 
producing clinical and biochemical remission. 
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Fic. 7. Renal vein thrombosis. Membranous glomerular changes (periodic- 
acid—Schiff stain, 230) 


Fic. 8. Membranous glomerulonephritis (Case 1). Glomerulus showing gross 
diffuse thickening of the capillary basement membrane and the membrane of 
Bowman's capsule (periodic-acid- Schiff stain, ~ 230) 
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Fic. 12. ‘Minimal’ changes. A normal glomerulus in Case 21 (periodic-acid— 
Schiff stain, < 230) 
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Fic. 13. ‘Minimal’ changes. An enlarged glomerulus with engorged and 
dilated capillaries in Case 19 (periodic-acid-Schiff stain, » 230) 
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ULCERATIVE COLITIS IN CHILDHOOD! 
A Study of its Natural History 


By J. W. PLATT, B. E. SCHLESINGER, anv P. F. BENSON 


(From the Hospital for Sick Children, Great Ormond Street, and the Children’s 
Department, University College Hospital, London) 


ALTHOUGH ulcerative colitis has been well recognized in adults since the latter 
part of the last century (Wilks and Moxon, 1875; Allchin, 1885; Hale-White, 
1888), some doubt was expressed later whether the condition ever occurred in 
childhood (Proceedings of the Royal Society of Medicine, 1909). Since Helmholz 
(1923) first described a series of cases in early life, further accounts have been 
published in America (Jackman, Bargen, and Helmholz, 1940; Bargen and 
Kennedy, 1955; Kirsner, Raskin, and Palmer, 1955; Holowach and Thurston, 
1956) and in Sweden (Lagercrantz, 1949, 1955). As far as we can ascertain no 
similar review has been attempted in Britain. 


Patients Studied 


The present series consists of 62 cases, of which 49 were collected from the 
medical and surgical admissions to the Hospital for Sick Children, Great Ormond 
Street, between 1938 and 1956 inclusive. A further eight cases came from the 
records of University College Hospital during the same period, and five occurred 
in private patients of one of the authors (B. E. 8.). 

In 53 cases the diagnosis was established by finding the characteristic appear- 
ance on sigmoidoscopy. Clinical considerations left little doubt in the remaining 
nine, three of which were further confirmed by abnormal results from barium 
enemata, while in one the diagnosis was further supported by the findings at 
operation. The term ‘idiopathic ulcerative colitis’ was taken to include cases 
in which granular proctitis was the only demonstrable abnormality. 


The Clinical Picture 


The group consisted of 31 boys and 31 girls. The commonest age at onset 
was eight years. Seven cases began in the first year of life (Table I). Blood in 
the stools was an initial symptom in half the cases (Table II), although in nine 
out of ten it became apparent later, by the time of admission. Occasionally it 
passed unnoticed, as in the case of an 11-year-old girl who complained of listless- 
_ness for five weeks and diarrhoea for six days. Her haemoglobin on admission 


1 Received June 8, 1959 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960. 
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to hospital was only 6-2 g. per 100 ml., and frank blood was found in the first 
stool inspected. In 10 cases (16 per cent.) the passage of bright red blood per 
rectum was the only symptom noted at the onset, the character of the stools 
being initially normal. In rare instances there was no blood to be seen at any 
stage of the disease. In one such case macroscopic blood was absent throughout 
the course of the illness, which persisted for 12 years until ileo-sigmoid anasto- 
mosis was performed. Diarrhoea was often most marked in the early hours of 
the morning, with only one or two bowel actions throughout the rest of the day. 
Incontinence of blood or faeces was recorded in 25 per cent. of the children over 
the age of two years. Tenesmus prior to defaecation occurred in 33 cases. 
Abdominal pain was an initial symptom in five cases, although it eventually 
became a feature in 35. In eight cases general symptoms, such as malaise, 
anorexia, feeding difficulties, and loss of weight, preceded the typical clinical 
picture by as long as a year. The onset of the disease was insidious in 45 cases, 
and abrupt in 17. 


TABLE I 


Details of Seven Cases Starting in the First Year of Life 
Age at 
onset Presentation Therapy Outcome Age 
Under 4 months Diarrhoea Steroids Died 11 months 
2 weeks Diarrhoea Steroids 13 years 


1 month Feeding difficulties Steroids Well without steroids 8 months 
3 months Blood in stools Surgery Tleostomy 8 years 
3 months Diarrhoea ; mucus Symptomatic Well 3 years 
9 months Diarrhoea; mucus; blood Symptomatic Diarrhoea; otherwise 9 years 


well 
1 week Diarrhoea ; mucus; blood Symptomatic Well; mild annual 21 years 
relapses 


Associated infections and disorders. In three cases there was a history of an 
identified salmonella or shigella infection at the onset. Many children had been 
suspected of having dysentery on clinical grounds, but had failed to respond to 
chemotherapy or antibiotics; moreover, repeated stool cultures were negative 
for pathogenic organisms. Four children had a history of infective hepatitis 
either shortly before ulcerative colitis or at its commencement. A history of 
allergy was found in only three children; two had asthma, and one infantile 
eczema. Details of the diet early in life were obtained in two-thirds of the | 
patients. It shed no fresh light on the problem ; three-quarters of these children 
had been breast-fed for an average of 4-8 months, and in two cases ulcerative 
colitis began while the infant was breast-fed. General feeding difficulties were 
encountered in only five out of 38 cases in which such a history was available. 

Family history. The series includes two brothers, and a brother and sister, 
who were similarly affected. In five further families there was a history of 
ulcerative colitis in six close relatives (mother, father, aunt, uncle, or grand- 
parent). 

Psychological and social background. The assessment of psychological factors 
was limited by the incomplete psychiatric history, and by the absence of a 
comparable control group, but certain interesting facts were elicited. In a few 
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instances symptoms followed hard upon some calamity in the child’s life. Sudden 
illness or death of a close member of the family necessitating the child leaving 
home, a new school, or close escape from a street accident, are examples of 
mental stress which appeared to precipitate the disease. One young boy with 
a salmonella infection was very upset at being isolated in a cubicle and allegedly 
smacked by a nurse of unfamiliar colour. Another little girl became frightened 
at having to use the same lavatory as a sinister man who lodged upstairs. In 
several cases family tension was loaded by knowledge of previous tragedies, 
such as the death of a son from ischio-rectal sarcoma, or of other children from 


II 
Initial Symptoms 


Rectal bleeding alone ° ° 
Rectal bleeding with diarrhoea and mucus . 
Diarrhoea without blood 
Abdominal pain ° 
General symptoms . 


leukaemia and gastroenteritis. There was evidence of an unsettled home life 
in 19 families. This amounted to separation of parents, or the presence of step- 
parents, in four families. It is of interest that the latter included the two in- 
stances in which pairs of sibs were affected by colitis. Parents were sometimes 
over-protective, but more often their demands set a standard which the child 
found too high to attain. Yet, taking all these factors into account, the score of 
calamitous or unsettled family backgrounds was only 24 out of the 41 families 
in which sufficient information was available. In other words, in at least half 
the cases there were no obvious predisposing or precipitating psychological 
causes. Twenty-three per cent. of the children were Jewish—18 per cent. if 
private patients are excluded. This may be compared with the figure of 5 per cent. 
of the Jewish faith among all National Health Service patients entering the 
Hospital for Sick Children, Great Ormond Street, in 1957. 

Intelligence and personality. Psychometric studies were not performed. The 
general impression, however, was that the intelligence of these children was 
normal or above the average. Only three were mentally retarded. Frank dis- 
turbance of behaviour occurred in 18 of the 50 children concerning whom 
retrospective conclusions could be drawn. In all but three of these 18 cases 
there was a disturbed family background, but, as against this, eight families 
were living under stress without any untoward effect. The children contrasted 
with their brothers and sisters by being quieter and more dependent on their 
parents, but this reliance was sometimes overshadowed by a definite sense of 
hostility. A good example is a girl of eight years, who had embarked on writing 
‘A History of England in Four Volumes’. She had been ‘ potted’ from the age of 
two weeks during breast feeds. In her infancy she had deeply resented being 


Number of 
cases % 
21 34 
18 29 
5 8 
8 13 
62 100 
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dressed, and it had taken three people to accomplish this. Now she had become 
meticulous about her clothes, particularly in keeping her stockings straight. 
From the onset of her illness she had shown great dependence on her mother, 
yet felt there was some affection lacking, and played her off against her grand- 
mother. The mother was separated from the father, and worked as a secretary 
to support a household of three generations of Jewish womenfolk. School 
examinations have been major crises to a number of these children, and fre- 
quently the cause of relapse, even though they have been passed with honours. 
Similarly, domestic arguments, or an apparent switch in affection, have pro- 
voked exacerbations. A family celebration to one boy was a signal for the 
passage of blood and loose stools. Parents were often able to predict a relapse 
by their child’s irritable and moody state. On the other hand, changes of 
temperament might equally well result from the distressing bowel symptoms, 
which must deeply disturb a regular way of life. 


Physical Examination 


The most constant feature on examination was loss of weight. By the use of 
the Boston anthropometric charts 61 per cent. of the severely affected children 
had a weight below the third percentile when first seen, and 91 per cent. were 
below the 25th percentile. Even in the mild cases 23 per cent. were below the 
third percentile and 69 per cent. below the 25th percentile. Growth remained 
retarded while active colitis persisted. This has been specially striking in 
adolescent girls. They have shown signs of pubescence at the expected age, but 


the associated acceleration of growth often remained in abeyance until successful 
surgery had relieved their symptoms. Steroids have not contributed appreciably 
to stunted growth. Apart from loss of weight, tachycardia was the commonest 
physical sign while the disease was active. Fever was common during exacerba- 
tions. The descending colon was frequently palpable, but perhaps not more so 
than in normal children. Abdominal tenderness was an exceptional feature. 
Inspection of the stools was of course most informative, but in mild cases of 
granular proctitis the child was sometimes constipated, especially after admis- 
sion to hospital. 

Investigations. 1. Sigmoidoscopy was carried out in 56 cases (Table III). Of 
the five children in whom the rectum and lower colon originally appeared normal, 
one later developed characteristic sigmoidoscopic changes, and eventually died 
from severe universal colitis with malignant change. Another had developed 
lesions at a later sigmoidoscopy. In the third patient a barium enema showed 
loss of haustration. The fourth case was confirmed at operation for ileo-sigmoid 
anastomosis, after abnormal barium-enema findings. In the fifth case there was 
no further sigmoidoscopy, and « barium enema was not performed. 

2. Barium enemata were performed in 47 cases (Table IV). For convenience 
our results are compared with those of other authors. The discrepancy between 
the different groups may be explained by the fact that radiography was carried 
out at different stages in the disease. Initially 13 cases had normal results from 
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barium studies. Sigmoidoscopy was carried out in 11 of these cases ; all showed 
characteristic changes. In one of these 13 children subsequent barium-enema 
findings were abnormal. 

3. Other investigations. The haemoglobin was over 80 per cent. (11-8 g. per 
100ml.)in half the patients, and under 60 per cent. (8-9g. per 100 ml.) in a quarter, 
when first examined. At this stage the blood sedimentation rate was normal in 
one-quarter of the children, but raised in more than two-thirds. There was no 
close correlation between the haemoglobin level and sedimentation rate. In 
general, abnormal levels in either respect tended to reflect the severity of the 
phase of the disease, but there were exceptions. 


III 


, Results of Initial Sigmoidoscopy 


Present series Lagercrantz (1949) 
Not done 6 23 
Normal . 5 (9%) 7 (65%) 
Abnormal 51 (91%) 104 (93-5%) 


Total . 62 134 


TaBLe IV 


Results of Initial Barium-enema Study 


Cullinan and Bargen and 
Present series MacDougall Lagercrantz Kennedy 


(1957a) (1949) (1955)* 


Normal . - 13 (28%) 20% 11% 9% 
Distal colon affected . - 20 (42%) 42% 20% 138% 
Whole colon affected . - 14 (30%) 38% 69% 78% 


47 
‘Distal’ colon implies continuous involvement from the hepatic flexure, or a more distal 


point, to the rectum. 
* Segmental cases excluded. 


Complications 


Arthritis was the most common complication (Table V), and occurred in 
17 per cent. of the patients. Four cases of severe arthritis were associated with 
advanced colitis ; seven cases of mild joint involvement occurred with moderate 
or severe involvement of the bowel. Arthritis was an initial feature in three 
cases. In one patient it has persisted after apparent recovery from colitis, and 
closely resembles rheumatoid arthritis. Serious metabolic disturbances were 
few, and occurred during episodes of severe diarrhoea; a marked degree of 
hypokalaemia was observed in one child, and hypocalcaemia developed in 
another. Neither was receiving steroid therapy. 

Local complications (Table V). Stricture of the bowel was found in four cases. 
In two of these no obstructive symptoms were noted. Strictures were found at 
operation and sigmoidoscopy. Silent stricture may therefore have been more 
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common than recorded. One patient had such intractable rectal complications, 
including stricture, anal fistula, and vulval cellulitis, that abdomino-perineal 
resection of the rectum became necessary. 

Fistulae were found in three cases. Two of these cases were of special interest 
because of their similarity to Crohn’s disease. In the first, internal fistulae were 
found at operation between the terminal ileum, caecum, and transverse colon. 
Biopsy showed no evidence of Crohn’s disease. The diagnosis from regional 
ileitis in this case is discussed later. The other was that of a 13-year-old girl 
who, four years after the onset of the disease, developed an abscess of the right 
loin which ruptured, leaving a faecal fistula. Progression of her colitis sub- 
sequently necessitated a colectomy. 


TABLE V 
3 
List and Frequency of Complications 
Local: 

Fistulae and fissures ‘ ° 
Perforations (3 localized) . 
Strictures (rectal and colic) 
Rectal polyp . 
Carcinoma 


Ileostomy complications (major) 


toto = OO 


Systemic: 
Clubbing 
Oedema and purpura 
Hepatomegaly (one = cirrhosis) ° 
Hypokalaemia (severe) ° 
Hypocalcaemia 
Rhesus sensitization 


Psoas spasm, producing flexural hip deformity associated with pelvic cellu- 
litis, was seen in two cases. Carcinoma of the colon developed in two patients 
between the ages of 20 and 30—an actual incidence of 3-2 per cent. But this 
must be regarded as a conservative estimate, as the risk remains in the younger 
members of this group, and must weigh in considering the desirability of colec- 
tomy. Thus, in the 14 patients who were followed to the age of 20 years or 
over, and who retained their colon, the incidence of malignancy was 14 per cent. 
In the 18 patients who had not had colectomy, and who were traced 10 years 
after the clinical onset of the disease, the incidence was 11 per cent. 


Treatment 


Since the patients have been under the care of various paediatricians, physi- 
cians, and surgeons, treatment has not been uniform. Although there has been 
no planned policy, it has in fact followed a very similar pattern, changing only 
with the years. No comparison can be made between the minor differences in 


> 
I 
{ 
i 


ULCERATIVE COLITIS IN CHILDHOOD 263 


the regimen, and the comparative prognosis of cases treated medically and those 
treated surgically cannot be judged, because surgery was undertaken only in 
severe cases which were not responding to medical care. 

General measures. Most children were given high-protein, low-residue diets. 
The period of rest in bed has become shorter in recent years, chiefly as a result 
of steroid therapy. Similarly, steroids have often produced a rise in haemo- 
globin levels when iron has failed, so that blood transfusion is becoming less 
frequently required. Nevertheless, even with the widespread use of steroids, iron 
therapy and transfusion remain a valuable part of treatment. 


VI 
Results of Steroid Therapy 


Died during treatment ° « 2(10%) 
Still receiving steroids . - 11 (52%) 
Symptoms present . §& (24%) 
Well ° . 6 (28%) 


21 


Medicines and enemata. Medicaments used orally have included chalk and 
opium mixtures, hog’s stomach, and desiccated ileum. Various retention 
enemata have also been tried, containing saline, silver nitrate, silver caseinate, 
bismuth subgallate, chiniofon, tannic acid, cod-liver oil, or penicillin, At best 


they were palliative. Though administered for months on end, no obvious 
lasting psychological trauma resulted. This consideration affords some comfort 
when one reflects on the possible mental effects of the present vogue of rectal 
hydrocortisone. 

Antidysenteric sera were hardly ever used, as they went out of favour shortly 
after the start of the period under review. 

Sulphonamides and antibiotics. A great many varieties have been given at 
some stage in a large majority of cases. If the striking remissions that have 
occurred in individual cases can be attributed to this form of treatment, no 
particular type of sulphonamide or antibiotic can be claimed to be superior to 
the rest. We have had no experience of salicylazosulphapyridine, advocated by 
Svartz (1956). Neomycin was used to ‘cover’ rectal hydrocortisone therapy in 
a number of cases, but this practice was stopped because of the theoretical 
possibility that absorption of neomycin might occur through ulcerated mucosa, 
and thus produce toxic effects, such as deafness. 

Steroid therapy was used in 21 cases (Table VI). In the early days steroids 
were given in too small dosage, which probably accounted for the three cases 
which are recorded as having shown no improvement. One of these three 
children was in fact helped for a period, but relapsed while still receiving treat- 
ment. Five children improved, and were later able to do without steroids ; the 
duration of steroid therapy varied from one to six months. One, however, 
relapsed, and was later treated surgically. Two patients died while receiving 
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steroid treatment. One infant, who seemed to benefit at first, died after 16 days 
from perforation of the sigmoid. Post-mc .em examination showed chronic 
disease in the sigmoid colon with stricture, but also more recent changes in 
the other parts of the colon, which could have occurred after cortisone treat- 
ment was instituted. The other death was in an adolescent girl, whose disease 
had not been controlled by steroids. She had severe, long-standing disease, with 
a crippling degree of arthritis and, in addition, insurmountable psychological 
difficulties at home. The other 11 patients, still receiving steroid therapy, are 
moderately well controlled. Five of them are receiving steroids rectally. 
Steroids have been given for over a year in most cases, and as long as three years 
in some instances. Surgery will almost certainly be necessary for two of these 
patients, and a third has just had the second stage of an ileo-rectal anastomosis ; 
the rectal stump was prepared for this operation by hydrocortisone hemisuc- 
cinate drips. The initial daily dose given orally was 200 to 300 mg. of cortisone 
(or 40 to 60 mg. of prednisone or prednisolone). Maintenance dosage has varied 
from case to case and from time to time, 12-5 to 75 mg. (in terms of cortisone) 
proving effective. Higher doses, however, have been necessary to control the 
disease during exacerbations. Only three patients were treated with cortico- 
trophin, and the dose required was up to 80 mg. daily. 

Rectal steroid therapy. Truelove’s (1957) recommendation regarding hydro- 
cortisone hemisuccinate has been followed. Our experience with this form of 
treatment has been limited, and does not allow any definite conclusion. The 
striking clinical improvement which was seen in most instances, however, has 
been most promising. Symptomatic relief was obtained in one case which had 
failed to respond to oral steroids. 

Complications of steroid therapy. Two children were found by radiography to 
have some osteoporosis of the spine, but this has not progressed with a reduced 
dosage. Apart from the case of fatal perforation already mentioned, two other 
children were suspected of having localized perforation while receiving steroid 
therapy. They recovered with antibiotics, and steroids were not stopped. 
There have been no untoward electrolytic disturbances. ‘Moon’ facies and 
obesity developed in most cases. 

Surgery. An analysis of the 12 cases treated surgically is given in Tables VII 
and VIII. Nine patients have undergone ileo-rectal or ileo-colic anastomosis in 
single or multiple stages, seven in childhood and two at a later date. Six of these 
nine patients have been followed up from three to seven years after operation. 
Five report no serious trouble at present, and have a normal number of motions. 
The sixth is a married woman of 21, and has a baby; her bowel actions are not 
unduly frequent, but she suffers from a faecal fistula. The remaining three 
patients are greatly improved, although they still complain of frequent loose 
motions without blood. In none has the anastomosis had to be abandoned 
because of advancing inflammation of the remaining rectum, although some 
granular proctitis is still present in two cases three years after the operation. 

Two patients are left with an ileostomy. In one, a girl of 19 years, this will be 
permanent, as her colon and rectum have been removed. She is having very 
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VII 


Summary of Surgery 
ileostomy (procto-colectomy) 
lleostomy with colectomy . ° 
Ileo-rectal or ileo-colic anastomosis 
Without colectomy 
With colectomy : 


Single stage 
Multiple stage . 


Appendicostomy only 
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1 
12 


Five of these 12 patients had had steroids before operation. There were no operative 
deaths. Surgery for terminal malignant disease in two cases is not included in this analysis, 


Age at 


VIII 


Detailed Analysis of Surgery 


onset 
Patient (years) Age at operation and details 


J.P. 


B. R. 


vs 


Anal fistula. Rectal stricture 

lleostomy. Great benefit 

Colectomy 

Rectal resection 

Laparotomy. Appendicostomy 

Ileostomy. Intussusception of ileo- 
stomy 

Colectomy. Volvulus (incomplete) 

Stricture in rectal stump 

Ileo-sigmoid anastomosis without 
resection 

Tleostomy with colectomy 

lleo-rectal anastomosis 

Ileostomy. Some prolapse, but 
benefit 

Colectomy and ileo-rectal anasto- 
mosis 

Tleostomy. Caecostomy 

Caecectomy. Colectomy 

Tleo-rectal anastomosis 


Tleostomy with great benefit 
Colectomy and ileo-rectal anasto- 


mosis 

One-stage colectomy and anasto- 
mosis. Post-operative intestinal 
obstruction 

One-stage colectomy and anasto- 
mosis 


One-stage subtotal colectomy and 
ileo-sigmoid anastomosis 


Laparotomy 
One-stage subtotal colectomy and 
ileo-sigmoid anastomosis 


Appendicostomy. Closed sponta- 
neously after 5 months, and later 
surgically 

T 


Present 
age 


Well, but frequent motions 


Well, but undersized 
= Bowels open once & 
y 


Immediate results excellent 


Well. Bowels open twice a 
day 


Troubled by abdominal 
faecal fistula, but bowels 
open twice or thrice daily. 
Has baby 

Well. Bowels open twice a 
day. Sigmoidoscopy nor- 
mal 

Improving, but still eight 
motions per day, 
bone 9 years 


Improved, but some u- 
lar proctitis 
motions per da 

Steroids had failed. 
improved, but eight mo- 
tions per day (in early 

morning; watery; no 
blood) 


Well. Two motions per day, 


loose, with occas 


pain. Slight granular 
proctitis 
Died from carcinoma 


265 
Condition 
7 9 12 
144 
16 
19 
1 
1} 
8 
P. 8. 23 «(10 
10} 0 
D. H. 7 15 
8. W. 
12 
13 21 
R. R. 8 9 14 
10 
C. P. 7 12 13 
J.C. 7 14 17 
M. P. 1l 
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frequent ileostomy motions from late afternoon to early morning, although she 
manages well through the day while at work. The other is an eight-year-old 
boy who had a laparotomy and an appendicostomy at the age of one year. Six 
months later ileostomy was performed. Prolapse and intussusception of the 
ileum led to reconstruction of the ileostomy nine months later. At the age of 
two and a half years he had a colectomy, which was complicated after operation 
by an incomplete volvulus. Quite recently a stricture developed in the rectal 
stump. Until then there had been no discharge of blood for two years. Now, 
unfortunately, rectal anastomosis can no longer be considered. 


TaBLe IX 


Summary of State at Follow-up 
Present series Lagercraniz (1955) 
Dead 
Severe symptoms 
Symptoms present ; not bedridden 19 (30%) 
No symptoms . 31 (50% 
Well, receiving steroids 6 (10%) 
62 
The condition is that of the patient when last seen, and not the present state, which is 
not known in every instance. 


Psychotherapy. Dr. Robin Higgins undertook psychotherapy with five children 
in this series. One of these, a girl, has had an effective remission dating from this 
treatment. She is the only child for whom a full course of analytic therapy has 
been achieved. Her disease was shown by barium study to extend to the hepatic 
flexure, and her remission is now of two and a half years’ duration. Barium 
examination has not been repeated. 

Seventeen children in all have had at least brief treatment, or diagnostic 
interviews, with psychiatrists. In nearly every case an attempt was made to 
achieve a ‘family doctor’ type of relationship between the hospital consultant 
and the patient. This was regarded as one of the most important factors in 
successful management. 


Course and Prognosis 


Two-thirds of the patients were interviewed and examined by the authors at 
the time of the follow-up study. Information concerning the rest was obtained 
by correspondence with the patient, access to former hospital records, and re- 
ports from private doctors. The findings are summarized in Table IX, where 
it will be seen that 50 per cent. of the patients are free from symptoms, and 
a further 10 per cent. well but still receiving steroids. In only five instances was 
up-to-date information unobtainable ; in three of these the period of follow-up 
was less than two years, but in the other two contact was lost only after seven 
and 21 years respectively. One of these five cases was severe, and was judged 
to have a very poor prognosis; the other four patients were well or improving 
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TaBLeE X 


Follow-up State in Relation to Extent of Previous Changes shown by 
Barium Enema 

Extent of disease Symptoms or 

on radiography Dead surgery Well without operation 


Normal 8 (surgery 1) 3 
Distal colon . 4 (surgery 1) 16 
Whole colon . 2 12 (surgery 8) 1 


TaBLe XI 


Ten-Year we (44 per cent. of Series) 
Not known . 38 (11%) 
Symptoms present (surgery, 1; steroid, 2*) - (18%) 
Well (surgery, 5; steroids, 0) . ° + 16 (60%) 


27 
* Still on maintenance dose. 


Taste XII 
Prognosis related to the Clinical Course 
A. Acute fulminating course, with om within one year 1 (1-6%) 


B. Chronic intermittent course. 31 
Dead 8 9%) 
Symptoms present 9 (145%) 
Well . ‘ > - 19 (306%) 
C. Chronic continucus course 20 (32-2%) 
Symptoms present ° ° 11 (17-7%) 
Well . - 8 (129%) 
D. Single attack with complete remission. «. 3 (49%) 
E. Followed-up less than one year 1 (16%) 
F. Well, but receiving steroids. 6 (9-7%) 


TaBLeE XIII 


Analysis of Patients who have Reached the Age of 20 Years 


Dead (ages 23 and 27)* . 3(10%) 
Not known . ° 3(15%) 
Anastomosis with colectomyt . 8 (15%) 
Anastomosis without colectomy 1(6%) 
Well without surgery - 10 (50%) 
Symptoms present without surgery 1(6%) 


20 


* See Appendix, C. A. and F. 8. Two other patients, not included, who would have been 
over 20 years of age at the time of the follow-up study died at the ages of 14 and 18. 

+ Two of these three patients have minor symptoms. 

¢t Patient well; one stool daily. 
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when last seen. Fifty-six per cent. of the cases were followed for over five years 
and, apart from the two exceptions just mentioned, the remainder for between 
18 months and five years. Proctoscopy was undertaken in a few instances ; 
sigmoidoscopy and X-ray investigation were done only in the case of patients 
admitted to hospital for further treatment. The only routine test was the 
measurement of haemoglobin. Estimates of the progress of the disorder have 
therefore been chiefly based on symptoms and clinical examination. Of the 
14 patients in whom radiography had shown the whole colon to be involved, 
eight had undergone surgery, and only one had apparently recovered without 
operation (Table X). Inquiry or re-examination 10 years after the onset of the 
disease in 27 cases is encouraging in demonstrating no decline in the proportion 
of patients who have remained well (Table XI). The outlook related to the 
previous history of the disease is set out in Table XII. There was only one case 
with an acute fulminating course, proving rapidly fatal. The prognosis in the 
seven cases starting in the first year of life was similar to that in the remainder. 

There were five deaths. Details of these cases are given in the Appendix. 
In three of the fatal cases there were difficulties in management through lack 
of co-operation, or open antagonism towards the doctors, by the patients or 
parents. In only two fatal cases had steroids been given, and none had received 
elective surgery. The fate of those patients who have reached the age of 20 is 
summarized in Table XIII. 

Patients classifie’ in Tables XI, XII, and XIII as ‘well’ for periods of 
10 years or more include some who passed two or three loose motions a day with- 
out blood or mucus, but regarded this as normal. One man, however, often 
had to ‘run to the lavatory’, and on occasion lost control. Such bowel habits 
suggest a varying degree of colonic irritability, possibly associated with some 
residual fibrous rigidity. The fact that these people were able to accept their 
bowel habit as normal may well have contributed to their continued well-being. 
As a group they seemed refreshingly well balanced, and appeared to have borne 
their protracted illness in childhood with remarkable equanimity. There are 
other patients, however, appearing in Tables IX to XII, who still complain of 
symptoms. Two have been chosen for more detailed comment on account of 
their interesting histories. 


A female child (S. H., Table I) had begun to pass blood and slime with loose 
motions at the age of one week. Her parents had quarrelled incessantly during 
her childhood, and there had been ‘another woman’ in her father’s life. She had 
experienced what was probably hysterical paralysis of a leg at seven years of 
age. When aged 19 she became a dental nurse, and experienced feelings of 
depersonalization. She was last seen in 1955, when she was 21 years of age, 
married, and still subject to intermittent bouts of diarrhoea. Blood was passed 
once or twice a year. Worry would bring on these attacks. Her baby was eight 
months old, and he had had some episodes of rectal bleeding. Unfortunately 
contact has been lost. 


The disease began in another child (C. W., Table I) during the first year of 
life (Higgins, 1954-5). She is now a girl of 13 years. She appears healthy and 
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happy, but has been receiving steroids almost constantly for the past four 
years. She is undersized and, although able to attend school regularly, was until 
recently passing at least three stools a day, which were often fluid and sometimes 
contained blood. During the last year oral cortisone has been largely replaced 
by rectal administration of hydrocortisone hemisuccinate, with great improve- 
ment. She is now taking 5 mg. of prednisolone twice a day, and is given a 
steroid drip enema about once a week. On this régime she appears to be very 
well, but still passes several semi-formed motions daily, without blood or much 
mucus. The whole colon and probably the terminal ileum were originally 
involved, as judged radiologically. She may still require surgery, but the deci- 
sion is being deferred until she is 16 years of age. The reason for this is that her 
father had a similar history of colitis, and claimed a striking improvement at 
that age. 


Diagnosis from Crohn’s Disease 
The distinction from Crohn’s disease may be difficult in the absence of histo- 
logical examination. In the following two cases both diagnoses were entertained : 


M. P., an 11-year-old girl, developed diarrhoea and abdominal pain after an 
attack of jaundice. The symptoms persisted, and 11 months later she developed 
arthritis of the knees and ankles. Despite the absence of frank rectal bleeding, 
the haemoglobin was 46 per cent. (6-8 per 100 ml.). Sigmoidoscopy was not 
undertaken, but a barium enema showed involvement of the whole colon. She 
continued to have intermittent symptoms until 17 years of age. On reaching 
18 years she was having single daily bowel actions, and remained well. At 19} 
she developed acute abdominal pain, and a laparotomy was performed for 
suspected acute appendicitis. The appearances at operation led to the diagnosis 
of acute Crohn’s disease affecting the terminalileum. Biopsy was not performed. 
Two years later she had a recurrence of pain in the right iliac fossa, accompanied 
by diarrhoea. Sigmoidoscopy showed proctocolitis for 15 centimetres, and a 
barium enema revealed marked changes in the transverse colon, caecum, and 
terminal ileum. The distal colon, however, appeared normal. The radiological 
evidence thus supported the diagnosis of Crohn’s disease. When she was aged 
22 a second laparotomy was performed. There was fibrous thickening of the 
caecum, and fistulae from the terminal ileum and caecum to the right transverse 
colon. The lower ileum, caecum, and half the transverse colon were removed. 
An ileo-sigmoid anastomosis was performed. Histological examination of the 
operation specimen revealed non-specific changes, with no evidence of Crohn’s 
disease. Both pre- and post-operative fat-balance studies have given normal 
results. At 26 years of age she had mild symptoms, and weighed only 104 
pounds. 

D. R., an 11-year-old boy, was seen because of faecal incontinence one year 
after an appendicectomy. There was no history of diarrhoea at this time. No 
abnormality was found on physical examination. He recovered from this com- 
plaint, and remained well until the age of 13, when his knees became swollen. 
A week later he developed diarrhoea and tenesmus. He passed four to six stools 
daily containing blood and mucus. He was of average weight and stature; 
the only abnormal physical sign was tenderness of the colon and rectum. 
Sigmoidoscopy revealed granular proctocolitis. The colon appeared normal 
on barium-enema examination, but a rigid terminal ileum was thought to be 
consistent with Crohn’s disease. The symptoms promptly disappeared on oral 
prednisolone therapy, and a further sigmoidoscopy 16 weeks later showed 
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marked improvement. A year later he relapsed, and developed purpura, after 
steroids had been discontinued. Symptoms were again rapidly controlled by 
oral prednisolone, but increasing doses were required to accomplish this, and 
a laparotomy was undertaken. As the appearance of the gut favoured Crohn’s 
disease, the lower part of the ileum and part of the colon were removed and 
end-to-end anastomosis carried out. Histology, however did not confirm the 
diagnosis, and further surgery will probably be necessary. 


Discussion 

The clinical classification followed in the present paper (Table XII) cor- 
responds fairly closely to that of Hawkins (1909), adopted more recently 
by Rice-Oxley and Truelove (1950) and Lagercrantz (1955). Jackman, Bargen, 
and Helmholz (1940) reported a series of 95 children with a mortality of 23-2 
per cent. ; the onset had been severe or fulminating in 77 per cent. In adults, 
Rice-Oxley and Truelove (1950) found an acute fulminating course in 20-8 per 
cent. of their cases. This high incidence of cases with a rapidly fatal course was 
not found in children by Lagercrantz (1955), who reported an incidence of 1-5 
per cent., or by Bargen and Kennedy (1955), who found only five such cases in 
their series of 139 children, and has not been our experience. There was only 
one case with a fulminating course in the present series. This difference in 
immediate prognosis appears to be one of the chief distinctions between the 
clinical pictures of the disease in childhood and in adult life (Table XIV). 


TABLE XIV 


Comparison of Clinical Course in Different Series 


(Percentages) 
Present series 


Rice-Oxley 
Fresh cases Lagercrantz and Truelove 
Total cases only* (1955) (1950) 


. Acute fulminating, fatal 1-6 0 . Bs 20-8 

. Chronic intermittent . 50-0 58-0 78-8 37°5 

. Chronic continuous ‘ ‘ 32-2 22°5 12-4 25-0 

. Single attack 4-9 9-5 7:3 13-9 

. Followed up less than a year . 1-6 3:5 0 2:8 

. Well, receiving steroids . . 9-7 6-5 0 0 

* ‘Fresh cases’ are those of patients who had not received previous hospital care. They 

may be compared with the series of Rice-Oxley and Truelove (1950). 


Lagercrantz (1949) and Bargen and Kennedy (1955) found a greater incidence 
in boys than in girls. The same male predominance appears in an adult series 
described by Sloan, Bargen, and Gage (1950), although recently the incidence 
has swung the other way in England (Rice-Oxley and Truelove, 1950; Cullinan 
and MacDougall, 1957a). The war years may have influenced these civilian 
figures. In our series there was no sex distinction. The age at onset (see Figure) 
shows a peak at the age of eight years. This may be misleading, however, as it 
seems likely that many patients with a history dating from the age of 10 to 14 
years may first present themselves to an adult hospital a year or two later. 
The fact that six of the nine patients with an onset of the disease after the age 
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of 11 were derived from the small group attending University College Hospital 
supports this contention. The onset of the disease in children is known to be 
frequent in the second year of life, and most common below the age of 10 years 
(Bargen and Kennedy, 1955; Lagercrantz, 1955). The incidence of 11 per cent. 
in the first year of life in the present series, however, is the highest yet reported. 


31 BOYS (1 UCH.CASES (8) 

31 GIRLS HSC. CASES (54) 
(Private) 


o 
Oo 
Oo 
= 
=a 


9; 
8; 
7 
6+ 
5 
4 
3 
2 


Age at onset (years) 


a Fia. 1 


U.C.H. = University College Hospital ; H.S.C. = Hospital for Sick Children, Great 
= Ormond Street. 


Figures derived from large e¢mbined paediatric and adult services, such as the 
Mayo Clinic (Jackman, Bargén, and Helmholz, 1940), show a steady increase in 
the disease through adolescertce into adult life. 

The incidence of infection: at the onset of the disease was no greater than 
expected in paediatric practice. Infective hepatitis, which closely preceded 
ulcerative colitis in five children, was probably coincidental, and Cullinan 
(1958), ir. sis extensive studids of both disorders, has not observed this sequence 
of events. There is no evidpnce to suggest that allergy plays a part, either 
through local disposition or jas a more specific alimentary phenomenon. The 
development of symptoms inj two babies while still breast-fed is notable in this 
respect. 

It is not easy to distinguish possible genetic from psychological factors. The 
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familial incidence of 12 per cent. is very close to that observed by Paulley 
(1950)—13 per cent.—in his study of 173 predominantly adult patients. It is 
greater than that given by other investigators (Sloan, Bargen, and Gage, 1950). 
Our finding that 23 per cent. were Jewish children is also similar to Paulley’s 
(1950) figures of 23 and 18 per cent. from his two hospital series. In both studies 
the figure was twice the expected one. Paulley related the high incidence to the 
greater emotional disturbance in parents, especially maternal dominance and 
possessiveness in Jewish families. On the other hand, the intense concern for 
a sick child which develops in a Jewish household is common, and not confined 
to the problem of ulcerative colitis. It remains uncertain, therefore, whether 
this emotional background can in itself provoke ulcerative colitis, or whether 
there is a genetically determined racial predisposition to this disorder. 
Personality traits, so far as they were revealed in our patients, conformed with 
those described by Prugh (1951), Groen and van der Valk (1956 a, b), and 
Paulley (1950, 1956), 

In order to diagnose ulcerative colitis with certainty, sigmoidoscopy and 
barium-enema examination should be undertaken. Had this investigation not 
been carried out in a patient seen by one of us, a provisional diagnosis of ulcera- 
tive colitis would have been maintained, and a polyp overlooked. The same 
procedures are often necessary in order to estimate the degree of recovery, but 
here the physicians in charge may hesitate, as in children sigmoidoscopy usually 
requires a general anaesthetic. It is especially important to check the effect 
of steroid therapy periodically by these examinations, and indications for 
surgery can only be d’ cussed in the light of what they show. Mucosal biopsy 
has proved useful in re.varch (Lumb and Protheroe, 1955), but need not be a 
routine procedure. Histological studies have demonstrated that microscopic 
changes may persist when naked-eye appearances have become normal. A 
number of our cases which presented the clinical picture of colitis were found to 
have a normal appearance at sigmoidoscopy. These findings may occur in 
regional or segmental colitis (Kellock, 1957). When the disease is greatest in 
the region of the caecum and terminal ileum, the diagnosis from Crohn’s disease 
may be impossible without histological studies. The presence of internal fistulae 
favours regional ileitis, but in the case described on page 269 histological evidence 
did not support this diagnosis. Cooke and Brooke (1955) considered ileocolitis 
t. be a direct result of ulcerative colitis in which ‘backwash’ occurs into the 
ileum. 

The criteria for inclusion of cases in the present series have already been 
discussed. The panorama of disease obtained in this way is probably more 
representative than would have been possible if the study had been limited by 
selection of fully investigated cases. 

The incidence of arthritis in previously reported series has varied widely 
(Lagercrantz (1949) 12 per cent.; Bargen and Kennedy (1955) 2-8 per cent. ; 
Ansell and Bywaters (1958) 15 per cent.). This complication usually indicates 
a severe form of the disease, and of the 11 patients in which it occurred two have 
died and three required surgery. Arthritis is known to be associated with other 
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intestinal disorders, such as dysentery and regional ileitis, but, as in ulcerative 
colitis, the pathogenesis is unknown. 

Treatment. Machella (1952) has shown from a review of published cases that 
without steroids about half the patients may be expected to show at least 
temporary benefit. The Medical Research Council trials reported by True- 
love and Witts (1955, 1959) revealed that, after six weeks of cortisone therapy, 
68-8 per cent. of patients were in remission or had improved, as compared with 
40-6 per cent. of control cases. The benefit was apparent through all grades of 
severity, but did not last long, and during the succeeding 18 months relapses 
in the ‘cortisone group’ were just as likely to arise as in the control group. 
Maintenance treatment with cortisone in a dosage of 50 mg. daily did not offer 
any protection against recurrence. Our experience in children has been more 
promising, but maintenance dosage was adjusted as far as possible to keep 
symptoms under control. Steroids were of value particularly in cases of 
moderate severity, in which the disability and loss of schooling were seriously 
interfering with the child’s life. In severe cases their place is less easy to deter- 
mine. The effects of prolonged treatment are not yet apparent, and when 
steroid treatment was begun in the presence of chronic colitis the necessity for 
surgery was merely delayed. It is debatable whether mild cases of ulcerative 
colitis should receive steroids when first seen. The present series does not 
provide an answer to this question. Brooke (19566) has emphasized the dangers 
of persisting with hormone treatment in the absence of clinical response. He 
suggested that matting of the colon to surrounding structures, and disintegration 
of the bowel wall, could occur in such circumstances. Danger signs are abdo- 
minal distension and ‘ballooning’ of the colon, with a ragged barium outline 
due to undermining of the mucosa, and ‘pseudo-haustration’, on X-ray exa- 
mination. Similar changes may, however, occur in the absence of steroid therapy, 
and should always be taken as a serious omen, absolutely contra-indicating this 
form of treatment and requiring urgent surgery (Cullinan and MacDougall, 
19576). A child receiving steroids will have to continue taking them to cover 
any operative procedure, after which they can be tailed off and stopped. 

Hope of possible recovery, and natural aversion to condemning a child to a 
permanent ileostomy, have in the past made both doctor and parents hesitant 
in agreeing to surgery. Improvement in the technique of colectomy and per- 
manent ileostomy construction, with its subsequent better management 
(Brooke, 1956a; Dukes and Lockhart-Mummery, 1957), have made this form of 
treatment more readily acceptable. The development of ileo-rectal anastomosis 
after colectomy (Aylett, 1957) is a further step forward. These advances, and a 
clearer understanding of biochemical problems, have considerably lowered the 
mortality. Colectomy with ileo-rectal anastomosis has outstanding advantages 
and, if eventually this turns out to be a permanent solution, surgery could be 
recommended with greater confidence, and often earlier. The progress of eight 
patients who underwent this operation, one of them at the hands of Aylett, is 
promising. 

Indications for surgery. 1. Acute fulminating cases. If a fulminating case is 
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failing to show any response to steroid treatment in full dosage after two weeks, 
ileostomy should be undertaken, and later colectomy. Combined ileostomy and 
excision of the colon have also been recommended (Crile, 1953 ; Goligher, 1956). 
The danger signal of colonic ‘ballooning’ has been discussed. 

2. Chronic cases. Recovery is unlikely if symptoms have continued up to six 
years. Experience gained from the present study also suggests that a child with 
symptoms persisting until the age of 15 will probably not get better unless 
surgical measures are undertaken. It is awkward that this critical phase should 
coincide with the usual transition from paediatric to adult care. Indeed, this 
transition may itself have played a part in the course of events. The only two 
cases of carcinoma in the series occurred in patients who had suffered from 
extensive involvement of the whole colon over a long period, and in both of them 
other grounds for surgical intervention had existed. Unfortunately remission 
of symptoms is no guarantee that subsequent malignant changes will not take 
place. Death from carcinoma has recently been described in a child of 11 years 
(Wilcox and Beattie, 1956), but it is extremely rare under the age of 16 years; 
it thus seems reasonably safe to delay surgery until early adolescence. 

3. Intermediate cases. In cases of colitis in which the necessity for surgery is 
debatable, Cullinan and MacDougall (1957a) have proposed that the presence of 
a ‘toxic triad’ may in itself favour operation. This triad consists of anaemia 
coincident with leucocytosis and any one of the systemic complications that 
occur, for example, arthritis, pyoderma gangrenosa, or hypoproteinaemia. 


A continued relationship between the doctor and the child and parents is 
probably the most important single factor in successful management. In the 
beginning opportunity should be given through repeated leisured interviews 
for the whole story to emerge, and for the physician to gain a picture of the 
family setting. Further medical advice depends on this knowledge ; moreover, 
revelation of the situation may in itself help the parents in adjusting themselves 
to the child’s emotional needs. Considering the psychological disturbances which 
frequently cloud the lives of children with ulcerative colitis, full psychotherapy 
might theoretically play a useful role. In practice, however, it has its limitations, 
and should be embarked upon only if treatment can be continued at frequent, 
regular intervals for many months. This is usually difficult to achieve, even if 
the parents’ co-operation can be obtained. Other authors have held the same 
opinion (Lagercrantz, 1955; Bargen and Kennedy, 1955), placing greater 
reliance on a constructive doctor—patient relationship. 


The authors wish to thank their many colleagues who have so generously 
provided access to their patients and records, and given much time to discussion 
and correspondence about them. 


APPENDIX 
Case Histories of the Five Patients who Died 
M. W. This baby developed diarrhoea before the age of four months, and 
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died of fulminating disease at 11 months. Perforation of the sigmoid occurred 
16 days after starting steroid therapy. The event was unexpected. Autopsy 
showed recent spread to the whole colon, but the sigmoid was more chronically 
affected, with some fibrosis. No warning dilatation of the colon was noted, and 
death occurred with frightening rapidity after the onset of vomiting and evident 
catastrophe. 


F.S. At the age of five years this boy went to a convalescent institution. 
Two months after returning home he developed frequent watery stools, passed 
occasional blood, and was lifeless, depressed, and irritable. He had a disturbing 
series of admissions to hospitals and, when examined at the age of seven years, 
had universal ulcerative colitis. He was of a spiteful nature, and could be 
described as an ‘angry young man’. His parents also had difficult tempera- 
ments. His symptoms were still present when he passed through one of H.M. 
prisons at the age of 19. At this period he was given streptomycin, and claimed 
freedom from further symptoms until the age of 26, when he developed obstruc- 
tive symptoms related to a scirrhous carcinoma arising in both the caecum and 
the upper sigmoid colon. Emergency ileostomy was performed, but he died at 
the age of 27. It is of interest that a barium follow-through examination done 
within a year of his death showed normal haustration of the transverse colon. 
There was no autopsy. Hleostomy had at one time been advised, but was refused. 


J. R. At the age of six years this girl was admitted to hospital as an emer- 
gency because of abdominal pain. Thereafter she had diarrhoea, and began passing 
blood in the stools a year later. At the age of eight she had granular proctitis and 
lack of haustration in the distal colon. She died in another hospital at the age of 
14. Her symptoms had probably been continuous, but as a patient she was 
difficult, and had refused treatment. She was troubled by anaemia, purpura, 
and oedema during her illness, and may possibly have had amyloid disease ; 
there was no autopsy. 


C. A. This boy developed severe ulcerative colitis at the age of eight years. 
Later he had arthritis, pericarditis, anaemia, and leucocytosis. An appendico- 
stomy constructed at the age of 12 years proved unsatisfactory and had to be 
closed. One of his sojourns in hospital lasted for two years. At the age of 23 he 
returned to hospital with further symptoms, including arthritis, after a four- 
year intermission. An ileostomy was carried out, and he gained 42 Ib. in weight. 
Subsequently, however, there was six months’ delay in undertaking a planned 
colectomy. By this time he was discovered to have an annular colloid carcinoma 
of the caecum, with metastases. 


B. B. This girl developed typical ulcerative colitis at the age of 12 years, 
passing loose stools mixed with blood and mucus. Investigations revealed only 
granular proctocolitis, with normal appearances on a barium enema. There was 
considerable tension in this Jewish family, in which the only son had died pre- 
viously from sarcoma. The father strongly disapproved of psychoanalysis. The 
mother disliked her daughter, whose illness and character ‘flouted the orderli- 
ness, tidiness, cleanliness, and convention that the mother valued so highly’. 
The girl barely concealed her hostility towards her mother, and was deeply 
attached to the father, but this attachment was ‘associated with the spitefulness 
of a vixen wife’. She was conscious of the fact that her parents would have 
preferred a boy. Her disease became complicated by crippling arthritis, and 
was only partially relieved by cortisone. She died in an exacerbation of her 
disease at the age of 18 while her psychoanalyst was on vacation. 
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Summary 


1. A series of 62 consecutive cases of ulcerative colitis in childhood has been 
studied. The clinical picture is given. Eleven per cent. developed symptoms in 
the first year of life. The familial incidence was 12 per cent., and one-fifth of the 
children were Jewish. There was no clear personality pattern, although certain 
characteristics were common. Psychological disturbance or upset in the family 
before the onset of symptoms was apparent in less than half the cases. The 
same factors were commonly related to relapses. 

2. There was only one case with an acute, fulminating, and fatal course. 

3. Arthritis was a common complication, occurring in 17 per cent. of cases. 

4. The results of treatment, including steroids, surgery, and psychotherapy, 
are given. Management is discussed. The use of rectally administered hydro- 
cortisone hemisuccinate is promising, as are the results of ileo-rectal anastomosis 
after colectomy. 

5. Two patients died of carcinoma in their third decade (3-2 per cent.), but the 
incidence would probably become much higher if follow-up observation were 
to be continued in patients who had not yet reached that age. 

6. There were five deaths, four of which might have been averted by surgery. 

7. Long-term follow-up observation showed that 60 per cent. of the patients 
were well. Surgery had often become necessary, and was undertaken during the 
second decade. 
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THE SYNDROME OF SPORADIC GOITRE AND 
CONGENITAL DEAFNESS? 


By G. R. FRASER, M. E. MORGANS, anp W. R. TROTTER 


(From the Galton Laboratory, University College, and the Medical Unit, 
University College Hospital Medical School, London) 


PENDRED (1896) gave a brief account of two sibs with goitre and deaf-mutism, 
living in an area where goitre was not endemic. There seems little doubt that 
they were examples of the syndrome later studied by Brain (1927) in greater 
detail. He described 12 members of five families, all deaf from birth and with 
goitres dating from middle childhood. In these families there were no cases of 
either goitre alone, or congenital deafness alone. Only single generations were 
affected. Brain considered that goitre and deafness were independent manifesta- 
tions of the same recessive gene defect. The deafness could not be attributed 
to hypothyroidism, because the physical and mental development of the affected 
persons was quite normal, and because deafness antedated the onset of goitre. 
Since Brain’s paper, single families, two or more members of which appeared to 
have the same syndrome, have been described by Deraemaeker (1956), Thieme 
(1957), Elman (1958), and Morgans and Trotter (1958). In addition, Johnsen 
(1957) has described two families showing what may well be the same syndrome, 
although many of the affected persons appear to have been hypothyroid, and he 
could not exclude the possibility that deafness was secondary to hypothyroidism. 

On investigating thyroid function in their two cases, Morgans and Trotter 
(1958) observed that labelled iodine could be partially discharged from the 
thyroid by the administration of potassium perchlorate. This finding was taken 
to indicate a partial block in the iodination of thyroid protein. The primary 
object of the present investigation was to see whether other subjects with the 
goitre and deafness syndrome reacted to perchlorate in this way. If so, this 
test might provide a more specific method of identifying the thyroid defect 
than clinical examination alone, and would also give some indication of its 
probable nature. 


Ascertainment of Cases 


Members of 13 families were available for study, together with five other 
families who could not, for various reasons, be investigated with the perchlorate 
test. Families V and VI had previously been described by Brain (1927), and 
family I by Morgans and Trotter (1958). 


1 Received May 13, 1959 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960. 
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Methods 


Perchlorate tests. The method employed was essentially the same as that used 
previously for the investigation of drug goitre (Edwards, Rowlands, and Trotter, 
1954; Morgans and Trotter, 1955) and Hashimoto’s disease (Morgans and 
Trotter, 1957). Potassium perchlorate was given by mouth one hour after a 
tracer dose of radioactive iodine, and neck and thigh counting-rates were 
recorded simultaneously by external Geiger counters for the next 50 minutes. 
In the present series, however, a more exact method was used to allow for the 
extrathyroid radioactivity which is inevitably recorded by the neck csunter. 
The subjects attended on a second occasion, and were again given a tracer dose 
of radioactive iodine, preceded this time by methimazole (100 mg.) and potas- 
sium perchlorate (400 mg.) in order to inhibit both organic binding and iodide 
concentration by the thyroid. Neck and thigh counts were then recorded over 
the same period (60 to 110 minutes after the tracer dose) as in the actual per- 
chlorate test. The ratio of neck count to thigh count did not change systemati- 
cally during the period of observation, so it seemed justifiable to calculate a 
mean value for the ‘basic’ neck /thigh ratio. Since on this second occasion thy- 
roid activity was not a factor, the amount of radioactivity in the extrathyroid 
tissues could be deduced by multiplying the thigh count by this ratio. This 
correction was then applied to the data obtained in the first test. 

In detail, the procedure at the initial test was to administer orally about 
30yuc. of I in the fasting state. Sixty minutes later simultaneous neck and 
thigh counts were recorded, and the subject drank 400 mg. of potassium 
perchlorate in 50 ml. of water. Neck and thigh counts were made simultaneously 
at 10-minute intervals for the next 50 minutes. After correction for physical 
decay of the isotope, each thigh count was multiplied by the subject’s own 
‘basic’ neck /thigh ratio, and the result subtracted from the corresponding neck 
count. These calculations enable an . .iimate of the true thyroid count to be 
made. In order to facilitate comparisons between subjects, these thyroid counts 
were then expressed as a percentage of the thyroid count recorded immediately 
before perchlorate was given. The mean of the percentages at 30, 40, and 50 
minutes after perchlorate seemed to be the best available measure of the pro- 
portion of labelled iodine which had not been discharged from the thyroid 
through the action of the drug. 

Two other values have been recorded in Table II. These were the ‘initial 
thyroid/thigh ratio’, that is, thyroid radioactivity at 60 minutes after ™I, 
divided by the corresponding thigh count; and the ‘final thyroid/thigh ratio’, 
that is, the mean ratio of thyroid to thigh radioactivity at 40 and 50 minutes 
after perchlorate. The first of these ratios is a measure of total thyroid avidity 
for radioactive iodine at one hour after administration ; it may include inorganic 
iodide concentrated within the gland as well as organically bound iodine. At the 
time of the final ratio, on the other hand, most of the iodide may be presumed 
to have been discharged from the thyroid by perchlorate, and this figure is 
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therefore a rough index of the amount of administered *I which has been 
organically bound after one hour. 

Other radio-iodine studies. Curves for the uptake of I were recorded in five 
cases. In subjects VIII (1) and X (2) a biopsy of the thyroid was obtained 48 


TaBLeE I 


Clinical Features of the Subjects Investigated 
Age at 
onset of 
goitre 
(years) 
9 


4+ 


+ 
+° 


++ 
+44 


+ + +4+4+4+ 4+ + ++ 


12 
Mother 
XIII 21 36 
Affected subjects indicated by *. In last column, 0 = thyroid not palpable, + doubtfully 
palpable, + just palpable, ++ just visible and palpable, + ++ obvious goitre. 


Sex 
F 
M 
F 
M 
M 
F 
F 
F 
F 
F 
F 
M 
F 
F 
M 
F 
F 
F 
F 
M 
F 
F 
M 
M 
F 
F 
F 
F 
F 
M 
F 
F 
F 
M 
F 
M 
F 
M 
M 
M 
F 
F 


and 24 hours after a tracer dose of }*4J. Pieces of excised thyroid were analysed 
for compounds containing labelled iodine by Mrs. R. Pitt-Rivers and Mrs. V. A. 
Galton at the National Institute for Medical Research. 

Serum protein-bound iodine was estimated at the Iodine Laboratory, Depart- 
ment of Biochemistry, Oxford, by the method of Rodgers and Poole (1958). 

Audiograms. Air-conduction (and in some cases also bone-conduction) 
audiograms were recorded on a standard Amplivox apparatus. 

U 


Age at 
thyroid- Present 
Family Subject ectomy 
No. No. (years) 
I 1* ee 
ee 
3 34 Mother 
II 1* 34 Infancy 10 23 
2 75 Mother we 
3 62 Maternal aunt 
4 65 Paternal aunt 
1* 34 5 14 22 
2° 32 Sister 3 28 oe 
3* 31 Sister 3 28 he 
4* 28 Brother 10 28 oo 
5 54 Mother os eo oo 
6 26 Sister 
7 6 Nephew oe oe os 
IV 1* 53 - Infancy 15 17 
2° 52 Sister Infancy 15 16 
3 26 Daughter oe oe oe 
4 27 Niece 
Vv 1* 60 ve Infancy 14 18 
2° 52 Sister Infancy 16 29 
3* 47 Sister Infancy 16 24 
4 84 Father 80 os on 
5 Brother am 
VI 1* 48 “ Infancy Infancy 31 
2* 45 Sister Infancy Infancy 28 
3 39 Sister 
vil 1¢ 10 on Infancy 7 
2 33 Mother es 
3 39 Father 
VIII 60 Infancy 10 38 
Ix 1* 38 Infancy 10 21 
x 1* 41 a Infancy 10 39 
: 2° 45 Brother 14 21 45 
3 47 Sister 
XI og 39 wa Infancy 21 28 
2 9 Daughter ae 
3 5 Son 
XII 1* 16 on Infancy 14 on 
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PERCHLORATE TEST 
400m 


AUDIOGRAM 
T T T 


2 
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THYROID 8 
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20 
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Pong! 
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40 HEARING 
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60 
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27100 


756 4096 
CYCLES/SEC 


10 20 30 40 50 
MINUTES 


Fic. 1. Perchlorate tests and audiograms of two affected and 
two unaffected members of family I. In the former tests the 
thyroid counting rate is expressed as a percentage of the count- 
ing rate one hour after !**I, immediately before KCIO, 400 mg., 
and plotted against time. In the audiograms the degree of 
hearing loss is plotted against the frequency of the test tone. 


120 

100 

THYROID 80 
COUNT~ 

% INITIAL 60 

40 


20 


PERCHLORATE TEST 


AUDIOGRAM 
400mg! 


37 


4 


2283 1 


0 10 20 30 40 SO 256 1024 4096 
MINUTES CYCLES/SEC 
Fia. 2. Family IV. (As Fig. 1.) 
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Fia. 3. Family VI. (As Fig. 1.) 
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Fic. 4. Family X. (As Fig. 1.) 


10.20 30 40 50 256 | 


284 G. R. FRASER, M. E. MORGANS, AND W. R. TROTTER 


Results 


Clinical features. Some particulars of the subjects investigated are given in 
Table I. In nearly all cases the onset of deafness preceded the onset of goitre. 
Most of the affected subjects must have been deaf from a very early age, since 
they had not learnt to talk intelligibly. The size of the thyroid varied from just 


TaBLeE II 
Results of Investigation of Subjects in Table I 


Serum 
protein- Initial Final % Hearing Hearing 
bound thyroid! thyroid/ retained loss at loss at 
Family Subject iodine thigh after 256 c./sec. 2,048 c./sec. 
No. No.  (ug-/100 ml.) KCl, (decibels) (decibels) 
60 
75 
0 
0 
60 


to 
a 


I 1s 5-9 
2° 4:3 
3 

4 

1* 


" 


6- 
6- 
5- 
5- 
4 
6: 
4: 
6- 
5- 
4 


" 


XII 31 


OO. 


1* 
Affected subjects indicated by *. ‘Hearing loss’ is the mean loss for the right and left ears. 
detectable enlargement to goitres of well over 200 g. estimated weight. In 
children the enlargement usually appeared diffuse by palpation, but in most of 
the adults it was obviously nodular. These goitres have shown a marked ten- 
dency to recur after partial thyroidectomy. Their pathological features are 
described in the paper which follows (Smith, 1960). With only two exceptions, 
all the affected persons were of normal physical and mental development. 


fe 2 4 102 0 20 
ae 3 : 96 0 10 
a 4 113 5 20 
2* 86 80 100+ 
68 25 100+ 
. 4* 85 10 95 
a 5 99 0 0 
* 6 101 30 30 
7 160 0 0 
2* 57 75 100+ 
ae 3 126 0 5 
ae 4 103 5 15 
1* 34 100+ 100+ 
2° oe 75 100+ 
3 101 75 "90" 
ee 5 5 15 15 
VI i* 4 48 80 95 
ie 2° 3 33 65 95 
eee 3 5 114 10 5 
VII 1* 58 60 80 
‘as 2 ‘ 87 0 0 
3 105 5 5 
ee VIII 1* 3: 86 75 100+ 
es IX i* 2-4 36 60 80 
x 1* 4:5 41 75 100 
aE 2* 0-8 28 45 65 
, Pea 3 5-0 115 0 0 
xI 1* 29 85 100 
2 98 5 0 
ay 89 30 40 
Se 31 65 100+ 
2° 60 100+ 
3 115 0 10 
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Subject X (2) was 4 ft. 114 in. in height at the age of 45, and his limbs were 
disproportionately short as compared with his trunk. His intelligence quotient 
was estimated at 86 (Wechsler Bellevue Scale I). These findings suggested that 
he had been at least partially hypothyroid during the growing period. The 
clinical features at the time of examination were suggestive of hypothyroidism, 
and this diagnosis was supported by a basal metabolic rate of —15 per cent. 
and a serum protein-bound iodine level of 0-8ug per 100 ml. He had a very 
large nodular goitre, requiring thyroidectomy for gross tracheal compression. 


TaBLeE III 
Proportion of Radio-iodine Remaining in Thyroid after Perchlorate 
Administration: Comparison of Control and Affected Groups 
Class of subject 
— 
Simple Thyro- Unaffected and 
Normal gottre toxicosis relatives deafness 


Number of subjects. ‘ 8 30 ll 18 20 
Percentage retained after per- 
chlorate (mean+8.£.) - 101412 110+16 107+10 108+15 61421 


Subject XIII (1) was 4 ft. 3 in. in height at the age of 63, and also had dispro- 
portionately short limbs. There was bilateral flattening of the femoral heads, 
which may have been caused by hypothyroidism during the growth period, 
and the pituitary fossa was thought to be slightly enlarged. The patient was of 
obviously low intelligence, her intelligence quotient being 75. She had had three 
thyroidectomies in the past, followed by sporadic treatment with thyroid 
extract. The thyroid was not palpable, and scanning of the neck after radio- 
iodine revealed only a minute focus of uptake in the region of the pyramidal lobe. 
Determinations of serum protein-bound iodine in 17 cases have supported the 
clinical impression that the majority of persons with this syndrome are euthyroid. 
Although five of the results were below 4-0yg. per 100 ml., the mean of 4-3 yg. 
per 100 ml. was not significantly different from the mean observed in seven 
unaffected relatives (4-9ug. per 100 ml.), or the mean in 28 persons with breast 
cancer (6-1 yg. per ml.). These figures are in good general agreement with the 
clinical assessment, since most of the affected persons appeared to be euthyroid. 

Perchlorate test. Examples of the responses of affected and unaffected mem- 
bers of four families to perchlorate are shown in Figs. 1 to 4, and the collective 
results are summarized in Tables II and III. It will be seen that the thyroid 
counting-rate of the unaffected members did not change greatly after the ad- 
ministration of perchlorate. Their response closely resembled that of the normal 
subjects and patients with simple goitre or thyrotoxicosis studied by Morgans 
and Trotter (1957). Very similar results were obtained in the further control 
series shown in Table III. Analysis of variance demonstrated no significant 
differences between the four control groups, which were accordingly combined 
and compared with the results in the deaf and goitrous subjects. This last 
comparison showed that the mean value in the affected group was significantly 
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less than that found in the controls (P < 0-001). A few of the affected subjects, 
however, had only relatively slight discharges, up to 86 per cent. of the radio- 
activity being retained within the thyroid. These subjects cannot be distin- 
guished with certainty from occasional normal subjects who have shown a 
similar response. This failure to discriminate absolutely between normal and 
abnormal subjects is probably attributable to the very high standard errors 
(up to +15 per cent.) of the residual thyroid counting-rate in subjects with 
a low uptake. 


70 
60 


50 
THYROID 
COUNT 4p 


as 
Jo of DOSE 3 


20 


19 


Fig. 5. Thyroid uptake after tracer of I in five affected 
subjects. 


Uptake curves. The proportion of a dose of I taken up by the thyroid in 
five deaf and goitrous subjects is shown in Fig. 5. The results were very varied, 
and are obviously much less helpful than the perchlorate tests in characterizing 
the syndrome. Subject XIII (1) ’ +d had three partial thyroidectomies, and 
scanning of her neck at 48 hours after the tracer dose showed only a tiny focus 
of iodine-concentrating tissue in the region of the pyramidal lobe. She had 
received intermittent treatment with thyroid extract, and her very low uptake 
of ™] is not surprising. Subject VIII (1) had also had a previous thyroidectomy, 
but had re-grown a substantial mass of thyroid tissue. The remaining three 
subjects had not been operated upon. It must be presumed that the varied 
levels of uptake obtained reflect a balance between an underlying enzyme defect 
and the effectiveness of the compensatory secretion of thyroid-stimulating 
hormone by the pituitary. 

The rate at which radio-iodine enters the thyroid during the first hour after 
administration can be roughly assessed from the ratio of thyroid to thigh 
counting-rate immediately before administration of perchlorate (‘initial 
thyroid/thigh ratio’ of Table II). In 18 affected subjects the mean value of this 
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ratio was 1-57 (s.z.+1-29), compared with 0-51 (s.z.+0-29) in 18 unaffected 
subjects. The differerice is significant (P < 0-05), but disappears when the 
mean ratios 40 minutes after perchlorate are considered (‘final thyroid/thigh 
ratio’). The mean value for affected subjects was then 0-48 (s.£.+0-21) and for 
unaffected 0-52 (s.z.+0-24). The similarity of the means after perchlorate 
indicates that the proportion of a tracer dose of iodine which has been converted 
to organic compounds by the thyroid is much the same in the two groups. The 
excess of labelled iodine held in the thyroid in the affected subjects before 
perchlorate can be assumed to be in the form of inorganic iodide. 

Studies on labelled iodine within the thyroid. A small portion of the anterior 
part of the goitre of subject VIII (1) was examined by Mrs. V. A. Galton 48 hours 
after a tracer dose of I. The specimen was obtained at open biopsy during an 
operation for removal of a mixed parotid tumour. Only a small portion of the 
quite considerable goitre was sampled. Three separate pieces were examined for 
total radioactivity, and were found to contain 0-20, 0-25, and 0-20 per cent. of 
dose per g. of thyroid. After tryptic hydrolysis, analysis on a Dowex-1 column 
(Galton and Pitt-Rivers, 1959) showed thyroxine 2-2 per cent., mono-iodo- 
tyrosine 5-0 per cent., di-iodotyrosine 27-0 per cent., and iodide 64-8 per cent. 
Five portions of the goitre from subject X (2) were sent to Mrs. R. Pitt-Rivers. 
The greater part of this goitre was removed, amounting to 230 g. Three of the 
pieces sent for analysis came from the right lobe, which had been shown by 
counting in vivo to contain most of the iodine-fixing activity ; these contained 
from 0-08 to 1-97 per cent. of dose per g. Two portions from the left lobe con- 
tained 0-01 and 0-05 per cent. of dose per g. Three of the more active parts of 
the right lobe were analysed for protein-bound I as described by Pitt-Rivers, 
Galton, and Halmi (1958). These experiments showed that 11 to 35 per cent. 
of the activity was present as iodide. Further samples were then heated (to 
prevent enzymic de-iodination) and hydrolysed with trypsin. Chromato- 
graphic analysis showed that 82 to 94 per cent. of the labelled organic compounds 
were present as mono- or di-iodotyrosine, with the former predominating 
heavily. Plasma taken from subject VIII (1) at 48 hours after I contained 
0-49 per cent. of dose per litre. Not more than 5 per cent. of this was thyroxine. 
Plasma from subject X (2) contained 0-66 per cent. of dose per litre at 24 hours, 
and 0-28 per cent. at 72 hours, after I; thyroidectomy was performed at 
24 hours. At 24 hours 58 per cent. of the radioactivity was non-dialysable. 
At 72 hours thyroxine was demonstrable after chromatography of a butanol 
extract, but no mono- or di-iodotyrosine. 

Otological investigations. Audiograms of affected persons have shown a 
consistent tendency for hearing loss to increase with increasing tone frequency 
(Figs. 1 to 4). In all cases in which perchlorate discharged iodine from the 
thyroid there was a gross hearing defect for high tones (Table II). On the other 
hand, ability to hear low tones varied considerably, some subjects having useful 
hearing at these frequencies, and others almost none. Three of the unaffected 
persons also showed some audiographic defects (Table II); the most severely 
affected (subject V (4)) was a man of 84 years, who had become deaf only 
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recently; his hearing defect can reasonably be attributed to presbyacusis. 
Subject III (6) was totally deaf in one ear as the result of a severe head injury 
in childhood. In one child of five years (subject XI (3)), with clinically normal 
hearing, an apparent loss of 30 to 40 decibels was recorded at all frequencies. 
The hearing defects in this family are of special interest, and will be discussed in 
a later section. With these three exceptions, all subjects who responded | 
normally to perchlorate had normal audiograms. 

Bone-conduction audiograms were done in 11 of the deaf subjects, and 
suggested that the deafness was almost wholly of perceptive type. In all cases 
the ears were examined by a competent otologist, and no evidence of middle-ear 
disease was found. Vestibular function was examined in three deaf subjects. 
All responded poorly to caloric stimulation, indicating that vestibular function 
was defective. Radiographs of the inner ears in five of the affected persons 
revealed no bony abnormality. 


TaBLe IV 


Proportion of Male and Female Sibs Affected in the Families Studied 


Unaffected ‘ 16 15 
Affected . 10 18 
Affected, less propositi 4 6 


Corrected ratio of affected to total, 10: 41. 


Genetic aspects. The genetic data are presented in an abbreviated form, as 
they are part of a larger study. Five further families have been included, in 
addition to the 13 dealt with in previous sections of this report. Each of the 
five additional families has contained only one affected member. Perchlorate 
tests have not been performed, usually because the patients were already being 
treated with thyroid extract, so that no uptake of radio-iodine would be ex- 
pected. Although the diagnosis of these extra cases must be regarded as less 
certain than that of those in which perchlorate tests were done, the clinical 
features were identical; all the subjects had congenital deafness, and goitre 
dating from childhood. It seemed to us that to exclude these cases from genetic 
consideration would inevitably have biased the material by the elimination of 
sibships containing only one affected person. With the possible exception of 
some families referred to in the next section, the syndrome of goitre and 
congenital deafness has been encountered only in single generations. This sub- 
stantiates Brain’s (1927) conclusion that the syndrome is probably inherited in 
a recessive manner. The proportion of affected to total sibs, shown in Table IV, 
is in good agreement with the expected 1:4 ratio, if Fisher’s (1934) correction 
for inadequate ascertainment is applied by excluding the propositi. In one of 
the 18 sibships (Family IV) the parents were first cousins. A similar example 
occurred in Deraemaeker’s (1956) family. The figures are too small for definite 
conclusions, but these findings are suggestive of a high consanguinity rate which, 
if confirmed, would further support the hypothesis of recessive inheritance. 
The crude data of Table IV show an apparent excess of female over male 
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sufferers. This disappears when the propositi are removed. It seems likely 
that the syndrome of goitre and deafness occurs with equal frequency in the 
two sexes, but that the goitre is more noticeable in female subjects ; hence more 
female than male subjects feature as propositi. In view of the observation that 
persons with nodular goitre contain an excessive proportion of non-tasters to 
phenyl] thiourea (Harris, Kalmus, and Trotter, 1949), this test was applied to 
the subjects in the present series. Among 18 affected persons there were three 
non-tasters, a proportion which is clearly not abnormally high. 

Some exceptional families. Two of the families described showed exceptional 
features requiring comment. Family XI provided an example of two types 
of genetically determined deafness occurring in a single family, owing to the 
assortative mating which is, not unexpectedly, prevalent in deaf communities. 
The propositus was a typical example of the syndrome of goitre and congenital 
deafness, with a well-marked perchlorate discharge. He had married a woman 
deaf from birth, but with no goitre, and a normal response to perchlorate. 
There were three children, of whom one was normal and another congenitally 
deaf. The latter, a boy of five years, has the white forelock typical of Waarden- 
burg’s (1951) dominant type of congenital deafness. Presumably this boy’s 
deafness was inherited from his mother, as there were other cases in her family. 
A third child, a twin of the one just described, has already been mentioned as 
having a hearing defect of 30 to 40 decibels over the whole frequency range. 
Although he has no other stigmata, it is possible that he also is an example of 
Waardenburg’s defect. 

A marriage between subjects II (1) and III (1) provided our only example of 
mating between two persons both having goitre and congenital deafness, with 
discharge of radio-iodine following perchlorate. The result of this mating was: 
one girl with congenital cretinism, goitre, and deafness, already reported by 
Jackson (1954); one boy, who died at nine months from renal disease ; and one 
girl who, at the age of 18 months, was pronounced by Dr. L. Fisch to have 
severe nerve deafness. A similar mating was recorded by Johnsen (1957), if 
his cases are regarded as essentially similar to ours; three children resulted, 
two of whom were deaf and goitrous, while the third died in infancy. These 
findings suggest that, in these pedigrees, the condition in both parents is due 
to the identical abnormal gene in homozygous condition. Another distinctive 
(but probably irrelevant) feature of Family III is that some of its members have 
been shown to possess a hitherto undescribed plasma protein (Fraser, Harris, 
and Robson, 1959). Although the occurrence of this protein appears to be 
genetically determined, it does not seem to be related to the goitre-deafness 
syndrome, since it was found in both affected and unaffected eubjects. 

A further family is also worthy of record, though our present opinion is that 
the affected persons do not have the same syndrome as that described in the 
body of this paper. This family was brought to our attention by Dr. Pleydell, 
at that time Assistant Medical Officer of Health for Northamptonshire. From 
its place of origin we have designated it the ‘Northamptonshire family’ (Fig. 6). 
This family differed from the rest of those described in the present paper 
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in the following respects: (1) goitre and deafness occurred both separately and 
together; (2) affected persons occurred in consecutive generations; (3) deaf- 
ness did not date from birth ; (4) audiograms showed more or less uniform loss 
of hearing for both high and low tones ; (5) in three members (one of whom was 
both deaf and goitrous) radio-iodine was not discharged from the thyroid by 
perchlorate. These findings are clearly of great interest, and suggest that there 
may be other types of genetically determined goitre and deafness which would 
repay investigation. 


O Male. O Female. © Goitre. © Deafness. @ Goitre and deafness. 
Fig. 6. Pedigree of an anomalous family (Northamptonshire family). 


Discussion 

Nature of the thyroid defect. Morgans and Trotter (1958) suggested that in this 
syndrome the organic binding of iodine by the thyroid may be proceeding at an 
abnormally slow rate: in fact, more slowly than the rate at which iodide is 
entering the gland. This would lead to an accumulation of iodide within the 
thyroid, at a concentration considerably greater than that in the blood. Under 
these conditions the perchlorate ion would release this accumulated iodide 
(Stanbury and Wyngaarden, 1952). If the iodide were isotopically labelled, this 
occurrence would be revealed by a sharp fall in thyroid counting-rate. The 
goitres of affected subjects were thought of as representing an attempt (usually 
successful) to compensate for this underlying defect by over-secretion of thyroid- 
stimulating hormone. A modified hypothesis can also be put forward to explain 
our observations. This would be to suppose that some parts of the gland are 
working normally, but that in others the enzyme responsible for the oxidation 
of iodide to iodine, and hence the formation of organic iodine compounds, is 
entirely absent. On this hypothesis localized ‘pools’ of iodide would collect, 
the existence of which would be revealed when they were ‘emptied’ of labelled 
iodide by the administration of perchlorate. This suggestion might fit in with 
Van Dyke’s (1945) view that the mammalian thyroid consists of two parts: one 
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derived from the median Anlage which exercises thyroid function from the first ; 
the other, derived from the ultimobranchial body, which acquires thyroid 
function only after being ‘induced’ by contact with the central portion. It can 
reasonably be supposed that failure of this induction process would result in a 
gland consisting of a mixture of functionally normal and functionally inadequate 
portions. Such a process would account for our findings, but we do not know 
of any direct evidence to support it. 

The analysis by Mrs. Pitt-Rivers and Mrs. Galton of iodine-containing com- 
pounds in the goitres of two of our subjects suggested two conclusions. The 
first of these is that the goitres were functionally heterogeneous, their content 
of labelled iodine varying in the case of subject X (2) by more than a factor of 
100 from one area to another. This observation supports the idea that the iodide 
which can be discharged in vivo by perchlorate may come from localized pools 
in areas of low activity. In the second place, the chromatographic analysis 
showed an excess of iodotyrosines compared with iodothyronines. If the in vivo 
evidence of defective organic binding of iodine is accepted, this finding might 
suggest an additional defect of coupling of iodotyrosines to form thyroxine and 
tri-iodothyronine in certain areas of the gland. This might be a secondary 
consequence of inadequacy of the enzyme responsible for oxidizing iodide, since 
this enzyme may also assist in the coupling reaction. Alternatively, if only a 
few tyrosine radicles are iodinated, they may be too widely separated in space 
for coupling to occur as readily as usual. A marked excess of iodide was present 
in the goitre of subject VIII (1), but not in that of subject X (2). The latter 
finding is not necessarily incompatible with the results of the perchlorate tests. 
These strongly suggested that, at one hour after a dose of I, much of the labelled 
material was still present in the thyroid as iodide. Since the iodination defect 
in the cases studied can be only a partial one, it is to be expected that little 
labelled iodide may remain for 24 hours. From the point of view of confirming 
the present interpretation of the results of the perchlorate test, it would have 
been better to make the chromatographic studies at about one hour after the 
administration of radio-iodine. 

The response of our deaf subjects to perchlorate was the same as that described 
by Morgans and Trotter (1957) in cases of Hashimoto’s thyroiditis. In this 
context also, the discharge of radio-iodine from the thyroid by perchlorate was 
taken to indicate a partial defect in the synthesis of organic iodine compounds. 
There is no other evidence, however, to suggest a connexion between the two 
conditions. The serum of 19 of the deaf and goitrous subjects described has 
been examined for complement-fixing antibodies against an extract of thyro- 
toxic thyroid (Belyavin and Trotter, 1959) with negative results. Smith (see the 
paper which follows) found no histological evidence of Hashimoto’s disease in 
the cases studied by him. It therefore seems unlikely that in this syndrome the 
biochemical defect revealed by the perchlorate test either is the result of an 
immunological reaction, or is itself capable of initiating an antibody response 
directed at the thyroid, such as occurs in Hashimoto’s disease (Roitt and 
Doniach, 1958). 
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However the perchlorate test is interpreted, it provides a simple method of 
recognizing the type of thyroid abnormality found in this syndrome. It seems 
reasonable also to regard it as providing a link with the familial goitrous 
cretins described by Stanbury and Hedge (1950), Stanbury (1951), Stanbury, 
Ohela, and Pitt-Rivers (1955), Lelong, Joseph, Canlorbe, Job, and Plainfosse 
(1956), and Schultz, Flink, Kennedy, and Zieve (1957). A salient feature of this 
type of cretin has been the ability of thiocyanate (which has the same action as 
perchlorate) to discharge radio-iodine from the thyroid. It is worth noting that 
the eldest child of subjects II (1) and III (1) was in fact described by Jackson 
(1954) as an example of the Stanbury and Hedge type of goitrous cretin. 
Subject X (2) could very easily be regarded as belonging to the same category, 
since he was grossly underdeveloped, with a very large goitre and relatively 
mild deafness. It seems quite possible that a similar degree of deafness has been 
overlooked (as it might well have been in the presence of mental retardation) in 
some of the recorded cases of familial goitrous cretinism. At the other extreme, 
the clinical evidence of a thyroid defect could have been overlooked in some of 
our cases, which would then be diagnosed merely as congenital nerve deafness. 
Subjects I (2) and III (4), for example, were euthyroid, and had slight thyroid 
enlargement detectable only on palpation. More recently we have encountered 
another subject with bilateral high-tone deafness, dating from childhood, and 
defective caloric responses, whose thyroid was palpable only with some difficulty. 
Perchlorate caused a clear discharge of radio-iodine from the thyroid, and it 
seems probable that he is an example of the syndrome under discussion, 
although no relatives are affected. Several surveys of deaf populations (for 
example, that of Lindenov, 1945) have also contained families which may be 
regarded as examples of the same syndrome. It seems reasonable to conclude 
that the thyroid defect may be of any degree of severity, from one that is barely 
detectable to the full picture of goitrous cretinism. 

Nature of the auditory defect. It has been known for a very long time that deaf- 
mutism is common in endemic goitre areas. Little or no precise information is 
available in this connexion as to the association of the thyroid and auditory 
defects, and we are therefore not able to surmise whether the pathogenesis of the 
cases discussed here has any relationship to that of cases described in endemic 
goitre regions. The deafness in our subjects has had certain fairly constant 
features. It has nearly always been symmetrical, hearing has been more com- 
pletely lost for high than for low tones, and testing by bone and air conduction 
has given approximately equal results. These characteristics, and the absence of 
detectable middle-ear lesions, place the defect in the category of perceptive 
deafness. The poor vestibular responses in those cases in which caloric tests 
were performed suggest a lesion of either the cochlea or the auditory nerve. 
Study of our cases has confirmed Brain’s (1927) conclusion that the deafness was 
not caused by hypothyroidism. Evidence of past or present hypothyroidism 
has not been obtained in the majority of our deaf subjects. It is, moreover, 
doubtful whether hypothyroidism can ever cause the extreme degree of deafness 
experienced by most of our subjects, although minor impairment of hearing is 
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commonly found in persons with myxoedema. On the other hand, in the families 
we have studied the genetic association of goitre and deafness is quite clear-cut. 
It would be difficult to avoid the inference that both lesions are the result of the 
same gene defect. Further definition of the hearing defect may come from 
autopsy studies, if these can be secured. A search of published records has 
revealed only four reports of post-mortem examination of the temporal bone 
in subjects who have had both deafness and goitre (Manasse, 1909; Brock, 1920; 
Nager, 1925; Albrecht, 1944). Unfortunately the pathological information in 
these reports is inconsistent, and the clinical data do not permit a firm diagnosis 
of this syndrome. It is possible, however, that further information may come 
from biochemical rather than morbid anatomical evidence. The nature of the 
thyroid defect is such that it could be caused, not by an actual deficiency of 
oxidative enzymes, but by a substance which inhibited them. The findings 
with the perchlorate test would be the same if the patients were taking small to 
moderate quantities of an antithyroid drug of the thiouracil type. The hearing 
defect could equally well be caused by a circulating substance having a deleteri- 
ous effect on the auditory apparatus. Conceivably both substances might be pro- 
duced in some other tissue, asthe result of a genetically determined enzyme block. 
These are no more than speculations with a view to future work on this syndrome. 

Genetics. Simple segregation of abnormal genes is responsible in Western 
Europe for about 30 cases of congenital deafness per 100,000 population 
(Stevenson and Cheeseman, 1955). It has recently become clear that this condi- 
tion cannot be treated as a single entity, and it is now possible to differentiate 
several of its constituent syndromes on clinical grounds. The syndrome 
described here would appear to be responsible for over one per cent. of genetically 
determined cases of congenital deafness, as judged by our certainly incomplete 
sampling of the London population. This leads to a minimum estimate of 
1 in 500 as the frequency of the abnormal recessive gene. On the other hand, 
the estimate of 1 in 150, derived from one cousin-mating among the parents of 
18 sibships, is probably too high. In view of the consistent association of deaf- 
ness and goitre in this syndrome, the condition is best regarded as a pleiotropic 
expression of a single abnormal gene, though the mechanism by which it affects 
both thyroid and auditory apparatus remains mysterious at present. 

Therapeutics. It will be obvious that no radical treatment for this syndrome 
is at present available. A salient feature, however, of the goitres in the present 
series has been their tendency to recur after partial thyroidectomy. If our 
interpretation of the findings is correct, the re-growth of the goitre may be 
considered as an attempt to compensate for the underlying biochemical defect 
in the thyroid. On this view it should be possible to prevent further growth of 
the goitre by the administration of thyroxine or thyroid extract. After investi- 
gations had been completed, all the patients in this series have been treated in 
this way. We have no reason to expect that this or any other current treatment 
will have any effect on the deafness. 
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Summary 


1. Among 18 families there were 28 subjects with both goitre and congenital 
deafness. Affected and unaffected members of these families were studied by 
the administration of potassium perchlorate one hour after an oral dose of radio- 
iodine. In all the congenitally deaf subjects the radio-iodine in the thyroid was 
partly discharged by perchlorate. 

2. Audiograms showed severe high-tone deafness in all the subjects who 
reacted in this way to perchlorate. 

3. Genetic studies showed that the goitre-deafness syndrome is inherited as 


a simple recessive. The frequency of the defective gene is thought to be between 
1:150 and 1:500. 


4. The main feature of the thyroid abnormality is inability to form organic 
iodine compounds at a normal rate. The gland is enlarged, and the subjects 
may be hypothyroid, but are more commonly euthyroid. 

5. The deafness is perceptive in type, and accompanied in some cases by 
defective vestibular function. It is not caused by hypothyroidism, but is an 
independent expression of the sav gene defect. 


Addendum. Since the submission of this paper 48 further sibships, with 75 
affected subjects, have been studied. 
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THE PATHOLOGY OF THE THYROID IN THE SYNDROME 
OF SPORADIC GOITRE AND CONGENITAL DEAFNESS} 


By J. F. SMITH 


(From the Department of Morbid Anatomy, University College 
Hospital Medical School, London) 


With Plates 25 and 26 


THE description of familial cases of sporadic goitre and congenital deafness by 
Brain (1927) did not include details of the pathology of the thyroid. In the cases 
of this syndrome described by Thieme (1957) and Elman (1958) the extent of 
epithelial hyperplasia has been emphasized. In two of his four examples from 
one family Elman has indicated that this feature was sufficient to justify t*> 
diagnosis of carcinoma, and in two of the three cases in the family of six siblir.. : 
recorded by Thieme this diagnosis was made by some pathologists. 

From material at University College Hospital Medical School, and that made 
available by other pathologists, it has been possible to examine sections of the 
thyroid from eight of the cases referred to in Table I of the paper by Fraser, 
Morgans, and Trotter (1960), viz.: subjects II (1), III (1), IV (1) and (2), V (1), 
IX (1), X (1), and XI (1). The thyroidectomy specimen from X (2), a small 
portion of thyroid from VIII (1), and sections from a further four patients, were 
also examined. These last four had clinical and genetic features indicating that 
they were examples of this syndrome, but they are not included in Table I of 
the preceding paper because the perchlorate test has not been performed on 
them. Of the total of 14 patients, one, who was included in the original report 
of Brain (1927), has not been traced in recent years; the remainder are alive, 
and nearly all have recurrent goitres ; two of these were also included in Brain’s 
paper. The main features of the group are recorded in Table I. Three case 
reports are given in moderate detail, to illustrate the principal changes in these 
goitres. A general description of the morphological features is followed by a 
brief discussion of their significance. Particular attention is given to the question 
of the diagnosis from carcinoma of the thyroid. 


Case Reports 


Case X (2). The details in the preceding paper suggest that this 45-year-old 
man had been partially hypothyroid during the growth period, and was so at the 
time of examination and thyroidectomy in 1959. At the operation, which was 
done because of gross tracheal compression, about two-thirds of a large, nodular 


1 Received July 24, 1959. 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960. x 
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goitre were removed. The specimen weighed 230 g., and showed three large 
nodules on the right, each about 3 cm. in diameter, and all with a glistening 
brown or greyish-brown cut surface. On the left there were three large nodules 
and some smaller ones, the largest here being 5 cm. in diameter, and some of 
these showed grey fibrous bands traversing the otherwise glistening cut surface ; 
the upper nodule was partly cystic, and a few showed areas of haemorrhage. 


TABLE I 


Age at thyroidectomy 
Subject (years) Histology of thyroid 


II (1) 23 Colloid and _ parenchy- 
matous nodules 

ITI (1) 22 Mainly colloid nodules 
IV (1) 17 Parenchymatous nodules 
of small cells 

IV (2) 16 Parenchymatous nodules 
of small cells and cysts 
with haemorrhage 

V (1) 18 Mainly colleid nodules 
VIII (1) 38; biopsy at 60 Colloidal, but only small 
piece available 

IX (1) 21 Colloid predominant 

X (1) 39 Colloid and parenchyma- 
tous nodules. Retro- 
gressive changes 


X (2) Thyroidectomy in 1959; 
see case report 
XI (1) 28 Colloid and parenchy- 


matous 


B 
Cc 
D 


29 
42 


12, 17, and 23 
27, 31, and 35 


A 12, 35, and 37 Mainly parenchymatous 
22 


Mainly parenchymatous 
Parenchymatous 
Mainly parenchymatous 


Not palpable 


The first 10 cases have the same reference numbers as in the paper of Fraser, Morgans, and 
Trotter (1960). 


On microscopic examination the nodules from the right showed a mixture of 
colloid and parenchymatous areas. The colloid-containing acini were of varying 
size, some colloid was vacuolated, papillae were frequent, and the cells were of 
varying size; many had clear cytoplasm. Some of these colloid acini were 
scattered in oedematous stroma. The solid acini were small, and their cells 
mostly of medium size, with eosinophilic cytoplasm. In scattered groups of cells 
the cytoplasm was basophilic, as it was in a few micronodules at the periphery 
of the large ones. One of the micronodules with papillae is shown in Plate 25, 
Fig. 1. Although blood-vessels and nerves were considerably compressed by 
thyroid acini at the periphery of some large nodules, there was no evidence of 
vascular invasion. The sections from the nodules on the left side showed rather 
less colloid in acini, and fewer solid epithelial nodules. There was also much 
more fibrosis, in which focal calcification had occurred. A feature of the thyroid 
tissue at the periphery of nodules was the presence of occasional groups of acini 
with basophilic cytoplasm and slightly larger nuclei, among others with eosino- 
philic cytoplasm (Plate 25, Fig. 2). As the cytoplasm of the cells of the baso- 
philic acini reacted positively with pyronin in Unna-Pappenheim preparations, 
they were thought to be foci of more active protein synthesis. 


Comment. This was the case in which analysis of iodine-containing compounds 
showed labelled iodine varying by more than a factor of 100 from one area to 
another. The portions analysed came from tissue adjacent to that used for 
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histology. It is interesting that the blocks from the left side contained dense 
areas of fibrosis, as on this side the amount of labelled iodine was small. In all 
sections examined the morphology suggests that there would be considerable 
functional differences within the area of section. 


Case V (1). This 60-year-old man was deaf from birth, and in 1917 (at the 
age of 18) had a wedge resection of the right lobe of his thyroid. (In Brain’s 
(1927) paper this patient is one of the Plaistow family.) His goitre recurred, 
but he remained euthyroid. Relevant investigations at the present time are 
described in the preceding paper. The specimen removed in 1917 contained 
abundant colloid in acini of varying size, with some solid cellular areas between 
the smaller acini (Plate 25, Fig. 3). A few colloid lakes were present, and a few 
small cysts, but no large nodules. 


Comment. In the original thyroidectomy material colloid areas predominated, 
and nodularity was only just recognizable. The clinical features now indicate 
a more extensive goitre, but no further histological material has become avail- 
able. 


Case C. This girl was born in 1930, and was deaf from birth. In 1942 she was 
admitted to hospital because of a swelling in the neck, which had been present 
for 12 months. At that time it was noted that, although deaf and dumb, she 
was very intelligent. A partial thyroidectomy was done, and she was dis- 
charged to a school for the deaf. Recurrence of the swelling in the neck led to 
further operations in 1947 and 1953. She married in 1952, and had a normal 
child in 1955. None of her siblings is affected. The specimen removed in 1942 
was a portion of thyroid (4-5 x 3-5 x 2-0 cm.) with numerous white encapsulated 
adenomata up to 2 cm. in diameter. On microscopic examination the report 
was: ‘Multiple adenomata of thyroid separated by thick fibrous bands. Some 
are cellular, some “foetal in type”, but all show considerable hyperplasia of 
epithelium.’ The sections cannot now be traced. In 1947 the recurrence was 
on the right side of the neck, and microscopical examination showed consider- 
able hyperplasia in multiple adenomata, with focal areas of fibrosis. In 1953 
the recurrence was on the left side of the neck; a nodular cystic mass was ex- 
cised from this area, together with a small mass from the right. Microscopic 
examination showed some nodules composed of solid acini with large cells and 
large nuclei, others with clear cells. Fibrosis was present within and at the 
borders of the goitre, and at one edge isolated groups of small acini in fibrous 
tissue simulated invasion. Some colloid-containing nodules were present, and 
hyperchromatic nuclei were seen in the compressed acini at one edge. There 
were very few mitoses, and no lymphocytic infiltration. 


Comment. Of the cases available, this is the one in which the atypical cyto- 
logical features and the simulation of invasion at the edge are most suggestive 
of carcinoma. This diagnosis was in fact made by the pathologist who examined 
the sections in 1953. He has kindly re-examined the sections, and regards it as 
a border-line case, but would still consider it malignant. 


Summary of Morphological Changes 
The case reports illustrate the nodularity, the epithelial proliferation, the 
colloid areas, and the occasional ‘degenerative’ changes which are found in this 
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group. It is convenient to consider these points in a little detail as revealed by 
a survey of the 14 cases. 

Colloid. Some colloid secretion was present in every case, and usually stained 
normally ; in a few, however, it was scanty even in areas of acini with large lu- 
mina. In those examples in which areas rich in colloid were considerably greater 
than those with epithelial proliferation, for instance in Case V (1), only a single 
section was available. Possibly a more extensive examination in these speci- 
mens would have shown larger areas of epithelium. In several cases colloid 
lakes were present, into some of which haemorrhage had occurred. Nodules of 
epithelial proliferation in such lakes, or within large vesicles, were frequent. 

Epithelial proliferation was the dominant feature in nine of the 14 cases, 
and was present in focal areas in the other five. There were actual nodules of 
epithelial cells in several cases, and these presented varied histological patterns. 
In some this pattern was cribriform, in others papillary (Plate 25, Fig. 1), 
while masses of medium-sized solid follicles and trabeculated areas of small 
polygonal cells were also frequent (Plate 26, Fig. 4). Occasional nodules with 
clear cells resembled parathyroid adenomata (Plate 26, Fig. 5); others showed 
a mixture of colloid-containing and small acini in a loose stroma with abundant 
vessels—the so-called foetal adenoma. In a few larger nodules the cells showed 
evidence of degeneration, with pyknotic nuclei and disintegration of the cyto- 
plasm. Some of these nodules were bordered by fibrous tissue, others by com- 
pressed thyroid acini. The earlier stages of the hyperplastic process were 
evident in some compressed acini, and in some cases this zone showed an 
irregularity in the size and shape of cells and nuclei as impressive as that seen 
within nodules. Basophilia of the cytoplasm was present focally in some cases 
(Plate 25, Fig. 2), but mitotic activity was not excessive. Within the nodules, 
and at their borders, pieces of epithelium were occasionally present in a lake of 
blood or blood and colloid (Plate 26, Fig. 6). On a casual examination this 
could be mistaken for invasion of vessels, but elastic stains indicated the absence 
of arterial or venous wall in the periphery of such large spaces. In a few cases 
areas of thyroid acini were found in fibrous tissue at the periphery of the gland 
or of nodules, but these were not thought to indicate malignancy. 

* Degenerative’ changes. Areas of fibrosis about nodules were fairly common, 
and in four cases bands of fibrous tissue were present within the thyroid. The 
two cases of Family X, however, were the only ones in which this was con- 
spicuous, and in which focal calcification had occurred. Areas of old haemor- 
rhage were present in a few cases, and cholesterol clefts in one. The term 
‘degeneration’ is used loosely to describe these changes, as the alternative terms 
‘involution’ and ‘retrogression’ are used in thyroid pathology to denote a 
return to normal of hyperplastic areas. The extent of these ‘degenerative’ 
changes was much less than would be found in an unselected series of nodular 
goitres. 
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The goitres in these cases show conspicuous epithelial proliferation, but this 
did not appear to me to be indicative of carcinoma in any example. The nature 
of the proliferation, and the reasons against the diagnosis of malignancy, 
deserve brief discussion. In all specimens the hyperplasia was nodular, and the 
goitre recurred after thyroidectomy when a sufficient interval without thyroid 
treatment had elapsed. Neither the diffuse hyperplasia nor the lymphocytic 
infiltration characteristic of primary Graves’ disease was found. No suggestion 
of a process resembling Hashimoto’s disease was seen—an important observa- 
tion, since in this condition the perchlorate test gives results similar to those 
obtained in the group under discussion. At the present time all types of nodular 
goitre are thought to result from a compensatory increased secretion of thyroid- 
stimulating hormone by the pituitary following an inadequate output of 
thyroxine, which may be due to goitrogens, iodine deficiency in the diet, or 
enzyme defects. If the defect is such that this compensatory process proceeds 
to the elaboration of sufficient thyroxine by the hyperplastic thyroid, a euthy- 
roid state is maintained. This happened in all except one of the present series 
of subjects. Alternatively, the enzyme defect may be such that no satisfactory 
elaboration of thyroxine can occur, and goitrous cretinism results. In operation 
specimens from such cretins the range of pathological changes can be extreme, 
as reported by Wilkins, Clayton, and Berthrong (1954). In the common nodular 
goitre seen in this country, which most probably results from iodine deficiency, 
epithelial hyperplasia is not as a rule prominent, while fibrosis, cholesterolosis, 
and calcification may be. The specimens from the present series resemble more 
closely those removed from goitrous cretins than those from the common type 
of nodular goitre, although they lack the extreme cellular pleomorphism of some 
of the cretinous thyroids. Such atypical features in cases of goitrous cretinism 
recorded by Stanbury (1951) and Wilkins, Clayton, and Berthrong (1954) were 
thought to be suggestive of carcinoma. 

One may summarize by saying that in this syndrome epithelial hyperplasia 
usually predominates, and is in keeping with a continued stimulus from the 
pituitary. The reason why the reaction becomes focal and results in nodule 
formation is as obscure as in all other examples of experimental and human 
nodular goitre. Fraser, Morgans, and Trotter (1960) have discussed the nature 
of the thyroid defect in this syndrome in more detail, and have considered the 
possibility that there is a failure of the process by which the median Anlage 
component of the thyroid induces the formation of thyroid tissue in the ultimo- 
branchial component. As yet we have no certain knowledge that there is in 
man an ultimobranchial component of the thyroid comparable with that 
described by Van Dyke (1944, 1945) in the sheep and rat (Boyd, 1950). Gold- 
berg and Harvey (1956) have suggested that certain squamous epithelial cysts 
of the thyroid in man may be derived from such a component. Similar squamous 
epithelial derivatives might certainly be expected if there were a failure of 
induction of the hypothetical ultimobranchial component, and no such example 
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was seen in any case of the present series. The only possible components of 
these goitres that could, on a superficial view, be derived from the ultimo- 
branchial tissue are the clear-celled nodules resembling parathyroid adenomas ; 
for it is the fourth arch which yields the ultimobranchial tissue and the upper 
parathyroids. Such nodules, however, are occasionally seen in other thyroid 
hyperplasias, and are probably one of the ways in which thyroid tissue can 
react to thyroid-stimulating hormone. Furthermore, these nodules do not 
contain stainable glycogen, which is easily demonstrated in true clear-celled 
parathyroid adenomas. 

There did not appear to be convincing reasons for labelling any of these 
goitres as carcinoma, and this diagnosis had been made in only one of the cases 
by the pathologists who had seen them in earlier years, although the unusual 
epithelial hyperplasia had often been noted. This hyperplasia was not charac- 
terized by great mitotic activity, or by the presence of cells with unusually large 
nuclear/cytoplasmic ratios. Convincing evidence of invasion of vessels was not 
seen in any example, although, as already noted, the occurrence of epithelium 
in blood-spaces could suggest it on casual examination. The one case which had 
been diagnosed as carcinoma showed considerable epithelial hyperplasia, and 
changes which could be interpreted as invasion of the capsule at one edge. This, 
however, should not be accepted as evidence of carcinoma in a nodular goitre 
of this type, although it has been so considered by Thieme (1957) and Elman 
(1958) in some examples of the present syndrome. Nodular goitre represents 
a multicentric hyperplasia in thyroid, the foci of hyperplasia starting at different 
times, and becoming associated with the development of areas of fibrosis in the 
gland as older areas of hyperplasia degenerate or die. In this irregular process 
islands of thyroid acini, or clumps of cells, may easily become isolated in. fibrous 
tissue. The occurrence of such areas at the periphery may suggest invasion of 
a capsule, but to my mind it is not a reliable indication of true invasion. 

The clinical features of the syndrome do not suggest that it is a malignant 
condition, for no example with evidence of death from metastasis has been 
traced. It is noteworthy that, of the cases of carcinoma of the thyroid asso- 
ciated with cretinism reported by Rickles (1947) and Potter and Morris (1935), 
none had metastasized. In reviewing a small group of goitres associated with 
cretinism in 1954, Wilkins, Clayton, and Berthrong remarked: ‘It is of interest 
that in spite of the carcinomatous appearance of these goitres in no instance has 
there been malignant invasion or metastasis.’ At the present time, therefore, 
it would appear justifiable to adopt a conservative attitude towards the patho- 
logical diagnosis of carcinoma in such a group as the present. Heptinstall and 
Porritt (1952) described examples of hyperplastic thyroids, under the heading 
‘Recurrent nodular goitre in children’, in which the histological features were 
somewhat similar to those found in the present group. They gave a more de- 
tailed discussion of the problem of diagnosis of carcinoma in such cases, and 
adopted a conservative attitude similar to that taken here. It is difficult to be 
certain on morphological grounds when some ‘conditioned’ thyroid neoplasms 
have become autonomous, and time may show that occasional cases of this 
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syndrome go on to the development of metastasizing carcinoma. The data 
available at present do not suggest that they should be treated as potentially 
malignant. 


Thanks are due to Sir Roy Cameron, for advice on the manuscript, to 
Drs. Fraser and Trotter for information about the clinical features of several of 
the cases, and to Professors Dorothy Russell and D. M. Pryce, and Drs. A. B. 
Bratton, D. C. Caldwell, and C. F. Ross, for allowing the use of histological 
material. 


Summary 


The morphological features of the thyroid in 14 cases of the syndrome of 
sporadic goitre and congenital deafness are described. 

Colloid areas were present in several cases, and ‘degenerative’ changes in a 
few, but epithelial proliferation was the most significant feature. In some cases 
the extent of this change raised the possibility of carcinoma, but that diagnosis 
was not considered justifiable on histological grounds. 

In several cases the goitre has recurred after operation, but none has so far 
metastasized. 
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FURTHER STUDIES IN ACHALASIA OF THE CARDIA! 


By F. G. ELLIS, R. KAUNTZE, A. NIGHTINGALE, anp 
J. R. TROUNCE 


(From Guy’s Hospital, London) 


Tue functional disorders of the oesophagus in achalasia of the cardia have been 
very fully investigated both radiologically and by means of intra-oesophageal 
pressure records (Butin, Olsen, Moersch, and Code, 1953; Olsen and Creamer, 
1957; Johnstone, 1950). The important abnormalities are the disappear- 
ance of normal peristalsis, increase in size of the oesophagus, the presence 
of abnormal contractions, the failure of the cardia to relax, and an increased 
sensitivity of the body of the oesophagus to cholinergic drugs (Kramer and 
Ingelfinger, 1951; Hightower, Olsen, and Moersch, 1954). The immediate 
cause of these abnormalities is not certain. In 1927 Rake reported the histo- 
logical findings post mortem in two cases of achalasia, and described degenera- 
tion with disappearance of the intramural ganglion cells of Auerbach’s plexus. 
These findings were amplified by Hurst and Rake (1929-30) and confirmed 
by Lendrum (1937) and by Gallinare (1945), but are open to the objection 
that post-mortem autolysis is rapid in the oesophagus and might obscure the 
histological picture. 

It was therefore decided to study in vitro the response to drugs of strips of 
oesophageal muscle removed during the performance of Heller’s operation for 
achalasia, and to compare them with muscle from similar levels in the normal 
oesophagus. The findings in the longitudinal muscle at the level of the cardia 
have already been reported (Trounce, Deuchar, Kauntze, and Thomas, 1957). 
In this region it appears that motor innervation in normal subjects is cholin- 
ergic, and that in the majority of patients with achalasia this cholinergic 
innervation persists. With the same technique, observations have now been 
extended to the hypertrophied and dilated portion of the oesophagus above 
the cardia. Longitudinal strips of muscle were removed at operation from 
the oesophagus between 5 and 10 cm. above the cardia in six patients with 
achalasia, and transverse strips were similarly removed from two patients 
with achalasia. These strips were compared with normal muscle from com- 
parable sites. 


1. Response to drugs 


Method. The muscle strips were suspended in aerated tyrode solution at 


1 Received July 6, 1959. 
Quarterly Journal of Medicine, New Series XXIX, No. 114, April 1960. 
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TaBLeE I 


The Response to Drugs of Longitudinal Strips of Muscle from between 5 and 10 cm. 
above the Cardia 
The figures in parentheses indicate the number of subjects showing the particular response 
Achalasia: Case numbers 
Drug Normal 1 2 3 4 5 6 


+ (2) 
Eserine 100 pg. — (1) Blocked 
+ nicotine + (6) by hexa- 
methonium 
Atropine 100 yg. Block 
+ nicotine 
Acetylcholine + if + 
10-50 pg. 
Atropine + 
acetylcholine Block Block os Block Block Block Block 
100 pg. 
Succinylcholine No block No be ae No No 
0-5 mg. + block block block 
acetylcholine 
+ = contraction. — = no contraction. (+) = weak contraction. 
TaBLeE II 
The Response to Drugs of Transverse Muscle from between 5 and 10 cm. above the 
Cardia 
The figures in parentheses indicate the number of subjects showing the particular response 
Achalasia 
Drug Normal Case 1 Case 2 
Nicotine 400 yg. + (1) 
— (6) 
Eserine 100 yg. + (6) Block by —_ —_ 
+ nicotine — (1) hexamethonium 
Atropine 100 yg. Block 
+ nicotine 
Acetylcholine + 
10-50 pg. 
Atropine + Block Block Block 
acetylcholine 
Noradrenaline 100 yg. — (1) ok (+) 
+ (2) 
} a) 
Adrenaline 100 pg. — (2) sg (+) 
+ (2) 
(2) 
Succinylcholine 0-5 mg. No block 


‘+ acetylcholine 


+ = contraction. (+) = weak contraction. {| = relaxation. 
— = no response. 
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37° C in a 50 ml. bath, and their responses to drugs added to the bath were 
recorded by a lever writing on smoked drum. 


A+ES. ES. 
+ NIC. + NIC. 
A 


ES. > Ax ACH ACH Es. ACH. A.+ACH. _ACH. 
+NIC B +NIC Cc 


Fic. 1. The response of longitudinal muscle strips to drugs. 


A. Normal longitudinal muscle from 7 cm. above the cardia. 


B. & C. Longitudinal muscle from two subjects with achalasia taken from between 5 and 10 cm. 
above the cardia. 


Nic.=nicotine 400 pg. Es.=eserine 100 ug. H.=hexamethonium 2-5 mg. A.=atropine 100 pg. 
Ach.=acetylcholine 40 yg. 50 ml. bath. Drum speed 0-064 mm. per second. 


Results. Tables I and II summarize the results obtained by this method. 
In the normal longitudinal strip the contraction with acetylcholine, which is 
blocked by atropine but not by succinylcholine, and the lack of response to 
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O— —O No Drugs 

Hexamethonium 
1:20,000 

@----@ Atropine 1:500,000 


PULSE AMPLITUDE Volts 


0.01 0.03 0.1 0.3 1.0 3.0 
PULSE DURATION m-Sec. 


Fic. 2. Intensity duration curves obtained with normal longitudinal muscle from 5 cm. above the 
cardia, showing the effect of hexamethonium 1: 20,000 and atropine 1: 500,000. 


PULSE AMPLITUDE Volts 


0.01 0.03 0.1 0.3 1.0 3.0 


PULSE DURATION m-sec. 


Fia. 3. Intensity duration curves obtained with three longitudinal strips of normal muscle and 
four strips from a subject with achalasia taken from 5 to 10 cm. above the cardia. 
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PULSE AMPLITUDE Volts 


1 i 1 1 i i 
0.01 0.03 0.1 0.3 1.0 3.0 10 30 
PULSE DURATION m-~sec 


Fic. 4. Intensity duration curves obtained with two transverse strips of normal muscle and two 
strips from subjects with achalasia taken from 5 to 10 cm. above the cardia. 


o——e 
No Drugs 


Atropine 1:500,000 


PULSE AMPLITUDE Volts 


1 


0.01 0. 03 0.1 0.3 1.0 3.0 10 30 100 
PULSE DURATION m-sec. 

Fic. 5. Intensity duration curves obtained with longitudinal muscle from two subjects with 

achalasia taken from 5 to 10 cm. above the cardia to show the effect of atropine (1: 500,000). 
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adrenergic drugs, suggest that the muscle receptors are cholinergic. The re- 
sponse to nicotine after eserinization, which can be blocked by atropine and 
hexamethonium, indicates that the nervous elements act via the cholinergic 
receptors. In the six subjects with achalasia the response to acetylcholine 
remains the same, but there is no response to nicotine even after eserine 
(examples are shown in Fig. 1). The normal transverse muscle behaves 
similarly to longitudinal muscle, but the occasional, though not consistent, 
response to adrenergic drugs shows that there are a few adrenergic receptors. 
Again, the pattern of response to nicotine indicates innervation through cholin- 
ergic receptors. In the muscle strips from two patients with achalasia there 
is no response to nicotine. 


2. Response to electrical stimulation 


Method. Strips of muscle were suspended in aerated tyrode solution at 37° C 
in a 50 ml. bath. Silver electrodes were applied to the ends of the strips. Just 
before electrical stimulation the level of the tyrode was lowered until the 
muscle and electrodes were completely uncovered. The muscle strip was then 
stimulated along its longitudinal axis, and the response recorded on a revolving 
smoked drum. The stimulator provided simple rectangular voltage pulses 
of variable duration (0-01 m-sec. to 300 m-sec.) and intensity (0 to 200 volts). 
Its output impedance was 300 ohms. In preliminary experiments the current 
wave form was observed simultaneously with the voltage wave form by means 
of a double-beam cathode ray oscilloscope. The fact was confirmed that the 
current wave form was also substantially rectangular, except for the usual 
small spike of relatively short duration (associated with the capacitative 
component of the impedance between the electrodes) at the rising edge of the 
pulse. The resistance of the electrodes and specimen ranged from 2,000 to 
4,000 ohms. The threshold voltage required for stimulation was determined 
by increasing the amplitude of the pulse waves in steps until a muscular con- 
traction was recorded. The tyrode level was then raised, and the muscle 
allowed to rest before another measurement of threshold for a pulse of longer 
duration. Thus an intensity-duration curve was constructed. With this method 
the accuracy of determination of the threshold voltage was within 25 per cent. 
In all these experiments five pulses per second for five seconds were used for 
stimulation. 

Results. Fig. 2 shows the results obtained in the normal longitudinal 
muscle, and the effects of hexamethonium and atropine on the response. The 
shift of the curve to the right which occurs only with atropine suggests that 
normally, and after hexamethonium, the response is due to stimulation of 
nerve and muscle; but when the nerve element is blocked by atropine the curve 
obtained represents direct stimulation of muscle alone. Similar results were ob- 
tained with transverse muscle. When the strips of muscle obtained from patients 
with achalasia are compared with the normal (Figs. 3 and 4) it can be seen 
that their responses all show a shift to the right, similar to that found in 
atropinized normal muscle, and further that the atropinization of the muscle 
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from achalasic subjects (Fig. 5) produces no further shift. These results suggest 
that in muscle from the body of the oesophagus in achalasia, whether trans- 
verse or longitudinal, the curve obtained is due to direct stimulation of muscle, 
and that it is not possible to obtain evidence of nerve stimulation. 


Discussion 

These experiments indicate that in the normal oesophageal muscle, from 
a region 5 to 10 cm. above the cardia, the nerve supply is almost entirely 
‘cholinergic. This conclusion is supported by the demonstration of decreased 
peristalsis of the lower oesophagus after atropine in the living subject (Baylis, 
Kauntze, and Trounce, 1955). The disappearance of the response to nicotine 
is a constant feature of muscle from the body of the oesophagus in achalasia, 
It is generally agreed that in the autonomic nervous system nicotine stimulates 
ganglion cells only (Gaddum, 1959). The absence of response to nicotine would 
therefore suggest the disappearance of the ganglion cells, or that the muscle 
was no longer able to contract. The latter possibility can be dismissed, for it can 
be readily demonstrated that in achalasia the oesophageal muscle is still able 
to respond to acetylcholine. It has been shown by Thompson (1958) that 
nicotine can also stimulate post-ganglionic nerve-fibres in the nictitating mem- 
brane of the cat. The lack of response to nicotine could be attributed to an ab- 
sence of post-ganglionic nerve-fibres in the oesophageal muscle as well as to 
the absence of ganglion cells. This view is supported by the results of electrical 
stimulation. The pattern of response suggests that in the normal specimen 
the ganglion cell or post-ganglionic nerve fibre is being stimulated, but that 
in the muscle from subjects with achalasia this is no longer possible. 

The available evidence therefore indicates that muscle from the dilated and 
hypertrophied portion of the oesophagus in achalasia is completely denervated. 
This condition is in contradistinction to that of the cardia, where it has already 
been demonstrated that, in a majority of patients with achalasia, there is a per- 
sistence of cholinergic innervation in the longitudinal muscle (Trounce, Deuchar, 
Kauntze, and Thomas, 1957). These findings are in accord with the absence of 
oesophageal peristalsis in achalasia, which has been confirmed radiologically 
and by intra-oesophageal pressure measurements. Cannon’s law states that 
‘when in a series of efferent neurons a unit is destroyed, an increased irrita- 
bility to chemical agents develops in the isolated structure or structures, the 
effect being maximal in the part directly denervated’, and would explain the 
increased sensitivity of the oesophagus to cholinergic drugs (Cannon and 
Rosenblueth, 1936, 1949). 
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technical assistance. 


Summary 
1. The response of strips of longitudinal and transverse muscle, removed 
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at operation from the dilated and hypertrophied part of the achalasic oesophagus 
5 to 10cm. above the cardia, has been compared with that of normal muscle 
from the same level. 

2. These strips of muscle have been stimulated by drugs and by electrical 
pulse waves of variable duration and intensity. 

3. The pattern of response indicates that in the normal oesophagus the 
innervation at this level is cholinergic, and that in achalasia of the cardia such 
innervation has disappeared. 


4. These findings offer an explanation of the disturbed function observed in 
achalasia of the cardia. 
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